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A method of estimating the radiant heat flux in a base of arbitrary
shape from intersection regions caused by the interaction of hydrogen-
oxygen engine exhaust jets is presented. An approximate method of
generating the intersection region shape and temperature-pressure pro-
files is discussed. A computer program incorporating both of the above
is described and instructions are given for its loading and use. The
accuracy of this program is expected to yield within an order of magni-
tude of the true value of thermal radiation.
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TECHNICAL MEMORANDUM X-53148

A FORTRAN PROGRAM TO CALCULATE AN ENGINEERING ESTIMATE OF THE
THERMAL RADIATION TO THE BASE OF A MULTI-ENGINE
SPACE VEHICLE AT HIGH ALTITUDES

SUMMARY

A method of estimating the radiant heat flux in a base of arbitrary
shape from intersection regions caused by the interaction of hydrogen-
oxygen engine exhaust jets is presented. An approximate method of
generating the intersection region shape and temperature-pressure pro-
files is discussed. A computer program incorporating both of the above
is described and instructions are given for its loading and use. The
_accuracy of this program is expected to yield within an order of magni-
tude of the true value of thermal radiation.

I. INTRODUCTION

A contributing factor to the base heating rate on upper stage
vehicles is radiation from the exhaust plumes. Limiting the discussion
to upper stage vehicles makes it unnecessary to consider the afterburning
problem, With this simplification, this radiant heating problem lends
itself to division into three distinct radiating regions: the super-
sonic cores, the first order plume impingement regions, and the extremely
complex flow tfield downstream from the base where the supersonic cores,
first order regions, and higher order regions merge. The term "first
order plume impingement region' is used to describe the region created
by the shock formed when two exhaust plumes intersect. This region is
an area of high temperature and pressure. A second order region is
formed by the intersection of two first order regions. This terminology
can be extended to describe any number of intersecting regions and will
be used throughout this report.

Of the three types of radiating regions, the first two yield to
analysis while the third, being virtually undefinable, does not. It was
decided early in the analysis to consider the supersonic cores and first
order regions as independent primary sources of radiation. To take
account of the complex downstream flow field, it was decided to estimate
a "lump sum' addition to the tinal overall radiative flux, this estimate
being based on the numbers obtained for the primary radiation sources.
Further analysis has revealed that of the two remaining regions, the
supersonic cores are often insignificant; thus we have limited ourselves
in the computer program described here to a calculation of the radiation
from the first order intersection regions only.



The supersonic cores in general are act a considerably lower calcu-
lated temperature than the intersection region and,in addition, are

located closer to the base. Because of this, radiation is less intense
and more completely blocked by components in the base region. However,
for the user  who feels that the supersonic cores will contribute
materially to his particular problem, a program has been developed to
calculate the additional radiation from these regions using methods
identical to those described in this report.

Proper use of the program discussed here will thus provide the user
with an estimate of the incident radiation in a minimum of time and will
show if a more detailed analysis is needed.

II, CAPABILITIES AND LIMITATIONS

A. Capabilities

The program will estimate the radiation incident on a base of
arbitrary configuration from any number of first order regions and will
predict how much of this radiation will be blocked by intervening struc-
tures in the base region. The user has the option of choosing the
method of calculation of the temperature and pressure fields in the
intersection region from the three methods programmed, 1In addition,
the actual radiation is calculated by two different methods to allow
comparison of two theoretical approaches to the problem, Of these
methods, the average temperature and pressure method is more conservative
since it assumes that the radiation passes through a transparent space
from the radiating region to the base, when in fact it is passing through
an absorping medium, This method thus provides a probable upper limit
to the heat flux rate. The other approach accounts for the absorption
by an approximate method outlined by Hottel in Reference 1. Each method
is presented with and without' a blockage correction factor.

B., Limitations and Assumptions

As mentioned earlier, this program computes only the radiation
contribution from the first order intersection regions. These regions
are assumed to have approximately elliptical cross sections and their
temperature and pressure profiles are radially invariant. That is,
temperature and pressure are assumed to vary in an axial direction only,
These profiles and the geometry of the region are generated from input
taken from a method of characteristics printout for a free jet expansion
into quiescent air, The flow model for the first order regions is
generated by assuming that this expanding plume impinges on a flat plate
placed in the flow at a distance equal to one half the distance between
nozzle centerlines. Oblique shock theory is then used to produce the
geometry as described in Section IITA of this report.




Both radiation methods use the emissivity data of Hottel given
in Reference 1 without the correction for partial pressure. . These data
are used in the form of a polynomial curve fit with a maximum error in
fit of 3 percent. Radiation from each intersection region is assumed to
pass through a transparent medium until it impinges on the base or is

blocked by one of the solid components in the base region (such as
motors and heat shield),

Therefore, the program is restricted to use in cases where the
only significant radiating species in the exhaust is water vapor. If
the curves were fit to new emissivity data, the program could be changed
to treat other radiating species,

I1II, THEORETICAL BACKGROUND

The gas radiation is treated with a comparatively crude approxi-
mation, The emission and absorption coefficients, which actually vary
in more or less unknown fashion through the emission spectrum of the gas
are replaced by a lumped emissivity representing an integrated effect
over the whole emission spectrum, This lumped or total emissivity was
obtained from experiments on comparatively small samples of a homogeneous
gas and extrapolated versus sample size, pressure, and temperature. The
extrapolation becomes progressively more uncertain the further one moves
away from the actual test conditions, Use of these data for estimating
radiative heating of full scale rocket configurations should normally
involve extrapolation of these data to larger beam lengths and lower
pressures than those used in the basic experiments. Further, these
measurements from homogeneous gas samples are used to estimate radiative

emission from nonhomogeneous gas volumes., This may produce additional
uncertainties,

Two methods are proposed for this estimate: the average tempera-
ture method and the absorption method. 1In both cases, the radiating gas
volume is subdivided into conical pencil-like volume elements, extending
along lines of sight from the base surface element in question. Tempera-
ture, density, and partial pressure of the radiating species vary along
the gas pencil,

For the average temperature method, the properties of the gas, i.e.,
T% and partial pressure, are averaged over the length of the pencil.
The "pencil" is then treated as a homogeneous gas sample, yielding a
corresponding emissivity with a corresponding view factor. From these,
the energy flux contribution that impinges on the base surface element
under investigation is computed.



In the absorption method, the "gas pencil" is divided longitudinally
into individual elements of different pressures and temperatures. The
energy radiated from each longitudinal element toward the base surface
element under investigation is subject to absorption losses in the
pencil elements it has to pass through, This absorption loss is esti-
mated by the assumption that the whole gas pencil between the radiating
element and the surface of the intersection region has the same gas
properties (T, PH20) as the radiating element, While this model admittedly
loses any effects of property variation on the absorption, it significantly
reduces the complexity of the estimate by eliminating one integration.

To simplify the presentation, the following discussion will consider
the program as though it were divided into four separate programs,

A. Geometry and Temperature-Pressure Profiles

From a method of characteristics analysis of a free plume expan-
sion into quiescent air, one may obtain values for Mach number (M) and
tlow direction angle (g8) at various points in the exhaust plume. Values
of M and 6 along a line of constant radius are interpolated from this
output (Figure 1). 1In addition, one obtains the plume expansion radius
(radial distance from nozzle centerline to jet boundary streamline) as
a function of axial distance. Using these input data, the initial region
geometry and temperature-pressure profiles are generated using the follow-
ing procedure,

1. Geometry of the Intersection Region

In Figure 2, a representative cross section is drawn. The
semi-major axis of the cross section, ADIS, was determined by connecting
the overlap of circles whose diameters were established by the free plume
boundaries from the method of characteristics. Determination of the semi-
minor axis was more difficult. It was assumed that the flow field from
two adjacent streams deflects by the same amount, This assumption pre-
serves symmetry about the major axis of the region and is compatible with
a hypothetical model consisting of a plane placed half way between two
adjacent engines. This model is sketched in Figure 3. At points 0, 1,
2, 3, etc., the Mach number and flow angles are known, The flow imping-
ing on the plate at point 0 produces an oblique shock at an angle By
given by the equation
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where M,, the Mach number before the shock, is the Mach number M, which
we have obtained from the method of characteristics analysis. This shock
is shown as OB-1. It is clear that it is at an angle of (5 - 8) from the
hypothetical flat plate. The mass flow between streamline SL-0 and SIL-1
is now assumed to be turned at the shock so that it is flowing downstream
parallel to the wall. Because of continuity, the flow occupies a certain
distance from the plate to some streamline SL-1'. Next, the Mach number
and flow angle known to exist at point 1 are transferred radially to
point 1', This transfer is justified on the grounds that the temperature
and pressure are assumed constant in a radial direction and that thus the
flow angle and Mach number must be constant also. At point 1' a new
shock cngle &; is calculated as before and another section of the inter-
section region boundary is determined. The process is repeated until

the entire region geometry is obtained. It is immediately obvious that
this approach ignores mass flowing between point A and point 1', This.
assumption should be reasonable if the value of (& - §), is small and

the value of (§), is large. Tnis case corresponds to the highly expand-
ing plume, which is the case normally encountered in high altitude
operstion,

Equation (1) is limited in that it can only generate stock
angles for values of flow angle less than a certain value. Figure 12
shows a parametric plot of this equation for a y value of 1.23 and for
Mach numbers ranging from 1.1 to 20. It is clear that since plume Mach
numbers seldom exceed 10, flow angles of 55 degrees and above will not
yield solutions to equation (1). In these cases, a shock angle of
65 degrees was assumed since this is approximately the maximum shock
angle that can be produced by equation (1) for Mach numbers in the range
of those encountered in jet plumes. (Note that there are two solutions
to equation (1) for any flow angle. The highest, or "strong shock"
solution, is not used in the analysis.)

The process outlined above is repeated until a complete
geometrical profile of the region is developed. Figure 4 illustrates
the application of the procedure for several increments., Referring to
the Figure, we can see that the geometrical relation which links any one
radial distance to the preceding radial distance is

(B/D), = (B/D)p., + tan (8 - O)p_; (X/D)p - (X/D)p_,. (2)




2.  Pressure-Temperature Profiles

With the geometry of the intersection region computed, the
program returns to the input data. The pressure-temperature profiles
are generated using the same model as before, Postulating as before
the information of an oblique shock whose angle is determined by the
input flow angle for that particular axial distance, the proglem resolves
itself into the determination of static temperatures and pressures behind
a shock from the total conditions before the shock. Three methods of
calculating these temperatures and pressures are programmed and may be
selected by the user. 1In general, the oblique shock temperature and
préssure equations should be used since they are more conservative than
the other two models and because their use maintains consistency with
the equations used to generate the region geometry.

Using the subscripts 1, 2, and 0O to denote, respectively,
static conditions before the shock, static conditions after the shock,
and total conditions, the following isentropic perfect gas relation
holds:

o =X
y=1

- 1+L-'2—1M2> . (3)
o]

Also the adiabatic perfect gas relation is

-1
I, _ 1+1_.‘_1M2> . (4)
T, 2

The oblique shock relations used are taken from NACA Report 1135 as

I, _ [2y M2 sin® 3 - (y.- DIy - 1) M,® sin® 3 + 2] ()
T, (y + 1)2 M,° sin® 5

and
Po_ 2y MZsin®5 - (y-1) 6)
Py v+ 1




As mentioned in the geometry section, cases exist where the
shock angle & cannot be determined, In these situations, the program
automatically switches to another method of calculation using the Rankine-
Huginot equation

T =T [ A+p)A+q) +o (et ) J (7a)
(o] -1 - ]
Q+ LM A+ ) +p+ L5 g
where
a=;y7_;_11_ and B = y M;®sin® ¢ (7b)

for the temperature calculation,.

For the pressure calculation, the modified Newtonian Impact
Theory equation

e M2+ (8)
1 P
and

Cp = 2 sin® ¢ (9)

is used. These equations may also be called for by the user if desired
by inputing a control value as described in Section VIIIA of this report.

In addition, the isentropic flow equation
2 -1

To _ X 2 7
T, Cp > M= + {) (10)



is programmed and may be requested by use of the control variable. The
pressure calculation is made using equation (8).

These calculations are repeated progressing-in an axial
direction until the entire profile has been generated. Due to the
assumption that the static temperature before the shock is constant,
it follows that the static temperature behind the shock does not vary
from point O to point 1' in Figure 3 and thus also from O to 1. Then,
at point 1, a step discontinuity will exist and the temperature from 1
to 2 will be the temperature calculated from the flow angle at point 1.
If a plot of temperature vs axial distance were obtained, these discon-
tinuities would cause the curve to resemble a "step'" function, To
smooth the curve, linear temperature gradients and not constant tempera-
tures are assumed to exist between agnalyzed axial points.

B, The Average Temperature Method

The Average Temperature Method is an analysis of the problem
which uses the fundamental Stephan-Boltzman Law

Q = oT%. (11)

Obviously, a sort of mean temperature and pressure for each radiating
increment must be developed. The method of calculating these mean values
is described below.

The intersection region was first divided into a number of
increments, A line of sight from a point on the base to the lower edge
of each increment was established and extended through to the rear face
of the plume. A view factor, F, to account for the fact that the point
on the base only "sees'" one side of each radiating increment, was calcu-
lated following the analysis of Sparrow [2]. This derivation is per-
formed in detail in Appendix A. This factor is calculated for each
individual increment radiating to a point (Figure 5).

The mean temperature along the beam length itself is

X2
JF (T(x))* dx
_ X
TEV == Xo = X4 ’ (12)




where x; and x, are the axial coordinates of the points where the beam
enters and leaves .the intersection region, respectively. A similar
formula is applied for the evaluation of the average pressure along

the beam length, Using this average pressure, the partial pressure of
the water vapor in the exhaust is

Pyo = (FXD) Py, (13)

where FX1 is the mole fraction of HJ0 vapor in the exhaust plume,

With the partial pressure, temperature, and beam length deter-
mined, the emissivity is obtained from the data of Hottel [l]. These
emissivity data have been curve-fitted with a series of polynomial
expressions such that the maximum error is #3 percent in fit. From this

the emissivity may be determined and used in the final expression for Q,
the heat flux

Q=oF ¢ Ti. (14)

C. The Absorption Method

The absorption method employs the equation developed by Hottel
[1] to account for the absorption in the intersection region. The equa-
tion employed is

Q =.% Jf JF o T4 (de/dX) cos edw dX. (15)
w X
In this expression, X is the optical beam length and is evaluated as

X = PHao(L)’ (16)



and

al-

JF cos pdyw (17)

W

is a solid angle shape factor previously called F. Then

Q = Fo f T4 d—(‘;—i)—d(PL). (18)
P,L

The plume is divided as before into increments and a pencil
ray (line of sight) erected to the lower edge of each increment. This
line of sight is now the optical beam along which equation (18) must
be evaluated. To do this, we must first evaluate the pressure and
temperature at various points along the beam. This is done using a
straight line interpolation method which is quite valid because of the
smooth nature of the temperature and pressure profiles and to the small
distance between points at which the evaluation is made,

The emissivity slope is easily evaluated since the curve fits
mentioned in Section IIIB are functions of (PL) with T as a parameter.
Thus, an explicit differentiation of these polynomial curve fits is
possible without resorting to numerical techniques. Since all the
variables are functions of the position variable L, we may now proceed
to simplify equation (18).

PL,
Q = Fo f % (1/p) £ par, (19)
PL,
since
d(PL) = PdL (20)

10




by the assumption that temperature and pressure are constant in the
particular increment of length under analysis, Then

PL.
d
Q = Fo f T, % ﬁ dL. (21)
PL,

Equation (21) is evaluated using Simpson's rule and the value for F
already computed in Section IIIB,

D. Blockage

In certain base configurations, a great deal of the radiation
from the exhaust plumes will impinge upon the motors, heat shield, and
other obstructions in the base, and will not therefore contribute to
the heat flux rate to the base. To evaluate how much of the radiation
is blocked, a section of the program generates a blockage factor and
applies it to each intersection region. This blockage factor is not
related to the form factor F computed in Section ITIIB. The form factor
expresses what portion of the intersection region the point "sees"
assuming a transparent space between radiating region and point. The
blockage factor increases the realism of the model by removing the
"transparent space' assumption and substituting the actual base obstruc-
tions.

It was decided that the easiest method of generating a blockage
factor was to determine if each individual beam was blocked and if it
were to consider the radiation from the increment associated with that
beam to be 0, Since the increments have widths which in some cases are
appreciable, three lines of sight are erected to each increment, one to
each side and one to the center. Each line is assumed to represent one-
third of the radiation incident from the region. Thus, blockage of each
beam reduces the incident radiation by one-third.

The obstructions are first represented as circles in a three-
dimensional, Cartesian coordinate system located as follows.

1. The xy plane is located at the exit plane of the motors

such that the z coordinates of all obstructions and the points to be
analyzed are negative or zero.

11



2, The xz plane passes through the center of the heat shield
and through the point being analyzed with the negative axis in the direc-
tion of the point being analyzed such that "x" and "z" coordinates of

the point are negative and the "y" coordinate is always 0,

3. The yz plane is oriented as usual in a right-handed Cartesian
coordinate system, See Figure 6 for a graphical illustration of this
system,

The obstructions are assumed to be circles located in, or
parallel to, the xy plane, In this way, a three-dimensional nozzle can
be fairly well represented by, for example, three circles with radii
equaling the radii of the nozzle at three different heights. The model
expressing this nozzle would then become three circular areas in space
given by the relations (in our coordinate system)

(x - h)2+ (y - k)2 1,2 z =2z, (22)
x-h)2+ (y - k)2 212 z =z, (23)
(x - h)2+ (y - k)2 s r52 z =z, (24)

If the obstruction has its axis parallel to the axis of the vehicle
(which is our z-axis) then "h'" and "k" are constant for the three equa-
tions, The "h" and "Kk" coordinates are the "x" and "y" coordinates of
the center of the obstruction. If the axis of the body is tilted with
respect to the vehicle axis then '"h'" and "k" vary. They are then the
coordinates of the center of the obstruction at that particular height.
A slight error is thus introduced because of the assumption that the
circles lie parallel to the xy plane when, in fact, they are tilted to
be perpendicular to the obstruction axis; but this error will not be
appreciable unless the tilt is considerable,.

With equations (22), (23), and (24) defining three areas in
space, it is clear that, for a line of sight to avoid intersecting one
of these areas, yet in fact to be blocked by the nozzle, the line of
sight must be almost parallel to the xy plane. Since in practice the
intersection region must begin at some finite distance above the nozzle
exit plane, and the point to be analyzed must be some distance below the
nozzle exit plane, the line of sight angle should be sufficient to allow
these three circles to adequately describe the blockage. In many cases,
in fact, one circle suffices. (In theory, a large number of circles
used as above could completely describe an axisymmetric obstruction,

In practice, however, only forty equations may be used in the program

12




to describe the whole base or a portion of it if so desired. Therefore,
one should not use more circles than are necessary on any one obstruc-
tion,)

Once the entire base picture has been presented in the
simplified terms shown above, the coordinate system is shifted so that
it is now centered at the point to be analyzed, the orientation of the
axes being as before., Now it is clear that all the obstructions are at

positive "z'" coordinates and most are also at positive "x" coordinates,

To illustrate this transformation, assume a point P located at
(x', 0, z') as shown in Figure 6 where z = 0 is defined to exist at the
nozzle exit plane. Assume also a point in an intersection region located
at (xj, yi). Its z coordinate is unimportant. Assume also a circular

blockage located at (h, k, z,) with a radius "r." The equations for
this blockage region are
(x - h® + (y - k)2 =2, z = z, (25)

To transfer these equations to a coordinate system centered at P, the
following transformation equations are needed. (The subscript 2 refers
to the new system,)

Xz = x - x' Y2 =% zp =z - z'. (26)

Then, the transformed blockage equation is
(xo+x' - h)2+ (y -k)2 sr2 zo =2, - 2'. (27)

Given a line of sight with an angle, B8, from the horizontal
(the new xy plane) and knowing the z coordinate of the obstruction (Fig-
ure 7), we may calculate the distance (HYP) from P to the point where the
line of sight passes through the plane of the obstruction (zp = zy5 - 2').

HYP = (28)

—Za
tan (p) °

13



Also, from the coordinates of the center of the intersection region
which must be crossed by the beam, an angle g may be calculated as
follows:

6 = tan —/—— . (29)

With ¢ and HYP, the coordinates of the point where the line of sight
passes through the intersection region may be calculated,

X

o (cos @) HYP (30)

Yo (sin p) HYP, (31)

The sign of y, is the same as the sign of y; since P is on the x-axis,

Now, if tue calculated values of xgy and y, satisfy equation (25)
the line of sight is blocked. If not, the process is repeated with new
parameters. Finally, a new summation of all the unblocked radiation is
made to give a better estimate of the environment,

IV, PROGRAM DESCRIPTION

The program is written in Chain Fortran for the GE 225 computer.
The use of Chains was caused by the large number of subscripted variables
and makes the program a compendium of four smaller programs. Each of
these smaller programs contains the coding of the equations contained in
one of the four sections just discussed.

This segmenting makes checkout and error investigation quite simple
since one can immediately isolate a given section as the one in which the
error occurred and restrict his investigation to it,

Each of the four sections follows closely the pattern laid down in
the preceding portion of this report. Numerous interpolation, approxi-
mation, and averaging methods which are similar to techniques developed
in the standard texts [3] are used as needed in the program, No
unusual numerical differentiation and integration techniques are
employed, and nothing other than simple geometry is used in the various
form factor and beam length calculations. In short, the theory pre-
sented in the preceding portion of this report is followed closely with
little modification,
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Figure 8 contains a printout of the program as it is read into
the machine., Notice the marginal notations separating the four sec-
tions of the program., 1If each of these sections is compared with the
corresponding theory section of this, report by a person familiar with
Fortran II, there is no reason why he should not be able to follow the
progr amming and to verify his results in any way he wishes.

Figure 9 contains a flow diagram to completely illustrate the flow
of control throughout the program,

V, NOTATION

‘Program Symbol Description and Units
) Numerical subscript where J has a value
(or a similar subscript) from one number to another (i.e., 1 to L).
A(I, J) Table of input from the method of

(J =1 to 4) characteristics.
A(L, 1) ) Distance, nondimensionalized by DIA,

measured along the nozzle axial line
from the exit plane of that nozzle.
The ‘first value must be the initial
intersection point,

A(I, 2) Mach number corresponding to A(I, 1)
but located on the axial line of the

CHAIN I intersecting region (not to be confused
with critical condition Mach number,
M*),

——

A(I, 3) Flow direction angle corresponding to
A(I, 1) but located on the axial line
of the intersecting region, in radians,

A(I, 4) Radius, nondimensionalized by DIA, of

1 the circle formed by a plane drawn perpen-
dicular to the nozzle axial line and
cutting the exhaust plume for a
corresponding A(I, 1).

15



Program Symbol

\
A(L, 1)

AT, 2)
)

AT, 3)

AT, 4)
ABSIS
ADIS (J)

ANGLE (J)
AVTEM(J)
AVP(J)

BDIS (J)

BLED (J)

C
DELI

DEIM

16

CHAIN TV

Description and Units

Center and radii of the blockage regions
located in the (x, y, z) coordinate system
illustrated in Figure 6, ft,

An increment length, nondimensionalized by
DIA, that is 1/50 that of the beam length,
FLE(J).

One-half the length, nondimensionalized by
DIA, of the major axis of the elliptical
plane for the intersecting region.

The angle formed by the beam and its pro-
jection in the base plane, radians.

Average temperature for the beam length,
FLE(J), °R. '

Average pressure for the beam length, FLE(J),
ATM,

One-half the length, nondimensionalized
by DIA, of the minor axis of the elliptical
plane for the intersecting regionmn.

Dimensional value for the beam length, ft.

The angular difference between the shock
angle, DELTA, and a corresponding flow
direction angle), radians.

Minimum shock angle for a given GAMMA and
Mach number, FM(J) (zero flow direction
angle), radians,

Maximum shock angle for a given GAMMA and Mach
number, FM(J), radians.




Program Symbol Description and Units

DELTA Shock angle for a given GAMMA, Mach number, FM(J),
and flow direction, T(J), radians,

DIA Diameter of the nozzle exit, ft.

EMIS Emissivity of the beam length, FLE(J).

F Shape factor corresponding to a given beam, (F

is the view factor associated with each beam
length that radiates energy back to the viewpoint.)

FINTX x~-coordinate of intersection region center in
coordinate system of Figure 6.

FINTY y-coordinate of intersection region center in
coordinate system of Figure 6.

"FK The distance, nondimensionalized by DIA, in the
base plane from the point of view to the axial
line for the intersecting region. (The value of
FK is always negative.)

FLAG Value, either +1 or 0, instructing computer on
how to proceed.

FLE (J) Length, nondimensionalized by DIA, of the beam
within the bounds of the intersecting region,

M(J) Mach number on the axial line of the intersecting
region corresponding to XD(J) (not to be confused
with critical condition Mach number, M%),

FXI Mole fraction of each of the gas components in the
exhaust plume,

GAMMA Ratio of specific heats for the exhaust components,
L Number of desired data values for XD(J).
LL Number of data values input for each A(I, 1),

A(I, 2), A(I, 3), and A(I, 4) in Chain I,

LLLL Number of blockage region circles,
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Program Symbol

MCON

PBPX

PHI

PH20
PO

P(J) and PW

PX

PY

Pz

QRAD

QRADS

QRDA

QRDAS

18

Description and Units

If +1: oblique shock theory temperature and
pressure used,
0: Rankine-Huginot temperature and Newtonian
impact theory pressure used,
-1l: isentropic temperature and Newtonian impact
theory used.

Ratio of base pressure to exit pressure,

View angle formed by one-half the minor axis,
BDIS(J), of the elliptical plane for the inter-
secting region and a corresponding projection of
part of the beam into the same elliptical plane
(Figure 6), radians,

Partial pressure for the beam length, FLE(J), ATM.

Chamber pressure of the nozzle, ATM.

Static pressure for a location in the exhaust
plume, ATM,

x~-coordinate of point being analyzed in coordinate
system of Figure 5.

y-coordinate of point being analyzed.
z-coordinate of point being analyzed,

Radiant heat flux by the average temperature and
pressure method for the beam length, FLE(J),
BTU/ ft2-sec.

The total accumulated heat flux contribution by
average temperature and pressure method for two

or more beam lengths, BTU/ftZ-sec.

Radiant heat flux by absorption method for a
single beam length, FLE(J), BTU/ftZ-sec.

Total accumulated radiant heat flux by absorption
method for two or more beam lengths, BTU/ftZ-sec.

One-half the distance, nondimensionalized by DIA,
between two adjacent nozzle center lines,



Program Symbol

RC(J)

RD(J)

SABS1IS

SSF

SXD

TAB

TABL

TDIS (J)

TEMP(J) and TW

THETA

T(J)

TO

Description and Units

One-half the length, nondimensionalized by DIA,

of an axis in the elliptical plane for the
intersecting region that is formed by a beam where
it pierces this region and a point on the axial
line of the same region,

Radius, nondimensionalized by DIA, measured in
the same manner as that of A(l, 4) and correspond-
ing to XD(J).

Total accumulated ABSIS increments to point in
question,

The total accumulated shape factor for two or
more beam lengths.

Perpendicular distance, nondimensionalized by
DIA, between the base plane and the nozzle exit
plane.

Table of flow direction angles, radians, obtained
from a plot of flow direction angle, shock angle,
and Mach number (Figure 13).

Table of Mach number values obtained from a plot
of flow direction angle, shock angle, and Mach
number (Figure 13),

One-half the length, nondimensionalized by DIA,
of an axis perpendicular to RC(J) and in the same

elliptical plane for the intersecting region,

Static temperature for a location in the exhaust
plume, °R.

Flow direction for a given GAMMA, Mach number,
FM(J), and shock angle, DELTA, radians.

Flow direction angle on the axial line of the
intersecting region corresponding to XD(J),

radians.

Chamber temperature of the nozzle, °R.
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Program Symbol Description and Units

XD (J) Arbitrary distance, nondimensionalized by DIA,
that is measured in the same manner as is AT, D).
(Simply numbered values for XD(J) make it easier
for the user to plot the results. XD(J) can be
set equal to A(I, 1) if so desired.)

XD + 1) Selected value, nondimensionalized by DIA, that
is slightly larger than the last input value for
XD(J). (The value, XD(L + 1), is necessary so
that the solution of shape factor can be completed
for the last increment,)

X0 x~-coordinate of point at which line of sight
to I.R, pierces plane of obstruction.

YO y~-coordinate of point at which line of sight to
I.R. pierces plane of obstruction,

Z0 z-coordinate of point at which line of sight
pierces plane of obstruction,

VI, INPUT

The program requires as input certain characteristics of the rocket
engines on the missile in question, the base geometry and a flow field.
Since the input required is quite extensive, it will be treated as three
separate topics. In addition, the discussion will be restricted to the
input and how it is obtained leaving the actual load format for a separate
section,

A, Flow Field Description

The program requires extensive input data to describe the
downstream flow field, This input is received in the form of tables
of the free exhaust plume properties, Mach number; M, flow angle, 6,
and plume radius, R, as functions of axial distance, The axial distance
and the plume radius are nondimensionalized by the exit diameter and
will hereafter be referred to by their symbolic names X/D and R/D. The
Mach number is not the characteristic Mach number M* but is related to
it by

- 22 ' 32
TNGEFD - G- o
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The angle g is expressed in radians. These tables are obtained from
a method of characteristics analysis as follows,

In Figure 1 it may be seen that by a two-way interpolation
into the method of characteristics output,values of M and g may be
found along a line of given radial distance from the nozzle centerline,.
In addition, at the specific X/D location at which the M and ¢'s are
found, the free plume radius must also be input as shown in the figure.
The first X/D chosen must be at the initial intersection point and
additional X/D's down the plume may be chosen arbitrarily; however,
the bottom number must not exceed 60,

Given now this set of tables of M, ¢, and R/D as functions of
X/D, the user next inputs the X/D distances at which he wants his lines
of sight to pierce the intersection region. The input fixes the number
of increments into which the intersection region will be divided; thus,
it will generally be advantageous to input as many as practical, The
number of these points is in no way related to the number of points in
the above tables except that no more than 60 may be input, and the
highest and lowest value must be within the range of the previously
input tables.

A review of the oblique shock equations will show that the
equation relating the shock angle & to the flow direction angle ¢ does
not allow a & to exist for all g values., In particular, for a given
specific heat ratio and Mach number, there exists a maximum 6 beyond
which a corresponding shock angle does not exist. The program is made
aware of these limits by inputting a table of Mach numbers and the
corresponding maximum g values so that it will not try to solve for a
nonexistent angle, This table consists of ten values and must be
obtained for the correct specific heat ratio as it varies strongly
with that parameter.

B. Rocket Motor Input

The given rocket motor must be characterized for the program
by inputting its total temperature, total pressure, its exit diameter,
the specific heat ratio of its exhaust gases and the pressure ratio
(exit pressure to ambient pressure) at which the method of characteristics
analysis was run,

C. Base Geometry

Referring to Figure 10, the program needs the distances SXD
and FK, both in the nondimensionalized (divided by the exit diameter)
mode, In addition, the location of the blockage regions and intersection
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regions in a coordinate system oriented as described in Section IIID are
needed. The dimensions of this coordinate system must be in feet.

In addition to the above input, a number of constants which
effect control of the execution cycle are needed and are described later
in the load format section.

VII, OUTPUT

The output is limited since execution time is already quite long
and excessive print statements only make it longer. As may be seen in
Figure 11, the output is arranged in the same logical order as was
followed in Section III. The first section is devoted to the tempera-
ture and pressure profiles; the second to one radiation method; the
third to the absorption method; and the fourth to the blockage correction
factors. As may be seen, the total cumulative radiation, as well as the
radiation from the individual increments, is summed in each case.

Note that in the blockage correction section each increment is
divided into left, middle and right sides. The coordinates at which the
line of sight to each of these three points pierces the planes of the
various obstructions (x5, y,) are printed out. If the line of sight is
blocked, the last set of xg, yo coordinates printed out are within a
blockage circle. This is shown on the output in Figure 11,

Figure 11 contains the complete output for the sample problem in
Section VIIIB.
VIII, LOAD FORMAT AND SAMPLE PROBLEM
A. TLoad Format

A few basic rules for writing a load format for the GE 225
Fortran are as follows:

1. Fixed point numbers must have an X before the number and _
must be immediately followed by a comma (i.e., X31,). "X31 ,"
will be misinterpreted.

2, Each value must be separated by a comma (i.e., .21

cee)s

. 2646,

’

3. Every data card must end with an asterisk (i.e.,
.28, .29, .30%).
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4. Floating puint numbers can be written either in decimal form
without exponent or with exponent (i,e., .000539 or 5.39E-4),

5. Any one data cara cannot contain values listed on more than
one read statement (RCD).

6. Data must be set up in the same order as it is listed in
the read stateweui (RCD).

7. All floating point numbers must have decimal points (i.e.,
the expression 31 is not permitted),

These rules must be followed .explicitly.

In the following discussion the input will be separated into blocks,
Each block of data must go on one or more cards, The first item in each
new block must be the first item on a new card; i.e., no card may contain
data from two blocks,

a, Block 1

(1) A fixed point number expressing the number of values
in the input table of M vs X/D. This number is of course also the
number of values in the g vs X/D table and the R/D vs X/D table and must
not exceed 60,

(2) A fixed point number giving the number of X/D loca-
tions at which the user desires to iricrement his intersection region,

(3) A fixed point number with its value determined from
the following.

(a) X + 1 if oblique shock relations are desired
in the solution of the temperature and pres-
sure profiles,
(b) X + 0 if Rankine-Huginot relations are desired.
(¢c) X - 1 if isentropic flow relations are needed.
(4) A floating point number giving one-half the distance
between the centerlines of the two motors which are generating the inter-
section region. This number is the actual distance nondimensionalized

by the exit diameter of the motor.

(5) The value of the chamber total pressure; atmospheres ~
floating point.
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(6) The value of the chamber total temperature; °R ~
floating point.

(7) The exhaust gas specific heat ratio; floating point.

b, Block 2

A floating point number expressing the base pressure to
exit pressure ratio for which the method of characteristics run was made.

¢, Block 3

4 set of floating point numbers in ascending order express-
ing tne X/D coordinates of the points at which the M and g will be given,

d. Block 4

A set of floating point numbers expressing the Mach numbers
corresponding to the X/D locations given in Block 3,

e, Block 5

A set of floating point numbers giving the corresponding 6
values; radians,

f. Block 6

A set of floating point numbers giving the corresponding
R/D's. (Note: Together Blocks 3, 4, 5, and 6 give the columns of a table
into which the machine may go to interpolate the value of any parameter
(M, 9, R/D) at any given X/D value during later execution stages. As
a result, extreme care must be taken to assure that proper correspondence
is maintained between the elements in the columns,)

g. Block 7
A series of floating point numbers giving the X/D locations
at which the plume is desired to be incremented. The number of these

points is given in Block 1, part 2,

h. Block 8 and Block 9

These two blocks contain the maximum values of M and 6,
respectively, which are used to prevent the program from solving for a
nonexistent shock angle. Referring to Figure 12, notice that for a
Mach number 4.0 and a flow angle ¢ of 55 degrees no shock angle ® exists.
Thus, to prevent the program from attempting to solve for shock angles
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in cases like this, a table of Mach numbers and the maximum corvesponding-
6 angles is input, Figure 12 shows such a table for Figure 12, This
table must have ten values.

. i, Block 10

(1) Exit diameter of the rocket engines used on the base
being considered. A floating point number ~ feet.

(2) The percent water vapor in the exhaust plumes, Float-
ing point ~ dimensionless,

(3) A selected X/D location equal to the last X/D location
in Block 7 plus .l1. Floating point ~ nondimensionalized,

jo Block 11

(1) The distance in the plane of the point being analyzed
from the point of view to the axial line of the inter-
secting region, This value is always given a negative
sign. A floating point number ~ nondimensionalized
(see Figure 10).

(2) The angle formed by the semi-major axis, BDIS(J), of
the elliptical plane for the intersection region and
a corresponding projection of part of the beam into
the same elliptical plane. A floating point number
~ radians (see Figure 14),.

(3) The perpendicular distance between the plane of the
point being analyzed and the nozzle exit plane, A
floating point number ~ nondimensionalized. (see Figure 10).

k. Block 12

(1) The number of blockage circles being considered., Must
not exceed 40, A fixed point number ~dimensionless.

(2) The x-coordinate of the center of the intersection
region being considered. A floating point number
(including sign) ~ feet.

- (3) The y-coordinate of the center of the intersection

region being considered. A floating point signed
number ~ feet,
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blockage

blockage

blockage

blockage
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1. Block 13

A series of numbers expressing the
circle centers., Floating point signed

m, Block 14

A series of numbers expressing the
circle centers. Floating point signed

n, Block 15

A series of numbers expressing the
circle centers., Floating point signed

o. Block 16

A series of numbers expressing the

x-coordinates of the
numbers ~ feet.

y-coordinate of the
numbers ~ feet,

z-coordinate of the
number ~ feet,

radius of each of the

circles, A floating point number ~ feet,

p. Block 17

(1) A value, either +1.0 or 0.0 depending upon whether a

new intersection region is to

be analyzed next or just

a new point. This number is a command to the machine.

+1.0 if a new point is to be analyzed or
if this is the last piece of data,

0.0 if a new intersection region is to be

considered.

(2) This value is +1.0 if the intersection region being
analyzed has an x-coordinate greater than the x-coordin-
ate of the point being considered. 1If the intersection
region has an x-coordinate less.than the point being
considered, then the value in this position is the
x-coordinate, A floating point negative (all x-coordin-
ates are negative according to the defined coordinate
system in Section TIID) number ~ feet. As clarifica-
tion, a case where the x-coordinate must be input in
this manner is illustrated in Figure 15,




B. Sample Problem

As a sample problem an analysis of the radiation incident on
a point on the thrust structure of the S-II stage from two of the eight
I.R.'s will be made. Figure 16 shows the base with some of the necessary
geometrical input, TFigure 17 shows the same base drawn in the necessary
coordinate system to input the coordinates of the intersection regions
and blockage regions. Other necessary input data concerning the engine
and other features of the base are:

Chamber Total Pressure: 43.004899 atmospheres,
Chamber Total Temperature: 5760 °R

Exit Diameter: 6.6666 feet

Distance between Engine Centerlines: 12,37 feet
Specific Heat Ratio of Exhaust Gases: 1,23
Percent Water Vapor in Exhaust Gases: 63% = .63.

Now a method of characteristics analysis of a J-2 engine free
plume expansion into quiescent air must be obtained. From this we
develop the following table,

TABLE I

(Note that the axial distance and radius have already been divided
through by the exit diameter, 6.6666 ft.)

A B < D

X/D M Theta - 6 Free Plume

Expansion Radius - R/D

.55300 5.55 .59932 .932
.60577 5.678 .61166 .971
.68793 6.121 .69823 1,022
.75513 6.027 .65766 1.062
.82400 6.01 .63600 1.103
.87308 5.89 .60129 1.131
91254 5.874 .58471 1.456
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X/D

.96408

1.0579%4
1.,09118
1,14699
1.20885
1.27162
1,.33487
1,43185
1.52983
1.68460
1.79133
1.90591
2.00453
2.10755
2.20516
2.31099
2,39077
2,40765
2.,51795
2,6743

2,82225
2,96077
3,08055
3.19207
3.35044

5.840
5.80
5.78
5.75
5.723
5.715
5.710
5.69
5.69
5.69
5.70
5,705
5,705
5.715
5.718
5.718
5.716
5.701
5.705
5.717
5.72
5.722

5.725°

5.719
5.685

C

Theta - §

.56404
.53164
.51986
.50391
.48549
.46950
45436
.43380
.41471
.38945
.37429
.36038
.34923
.33942
.33107
.32418
.32047
.32655
.32794
.31689
.30810
.30217
.29927
.29961
. 31006

D

——

Free Plume
Expansion Radius

(R/D)
1.182
1.242
1.260
1.292
1.323
1.355
1.388
1.437
1.488
1.561
1.609
1.660
1,710
1,743
1.783
1.825
1.851
1.862
1.902
1.955
2,005
2,050
2,086
2,117
2,165




It has been decided to break up the plume into increments at
the following X/D locations:

.56, .60, .7, .8, .9, 1.0, 1,1, 1.2, 1.3, 1.4, 1.5,
1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2,6,
2.8, 3.0, 3.2, and 3.3,

In addition, the graph shown in Figure 12 has been made and
the values shown in Figure 13 have been chosen as the maximum Thetas

and Mach numbers.
loaded.

With this data, the first part of the program may be

1. Block 1

a.

There are 32 figures in each column of Table I,
The value loaded here is X32,

b. According to the X/D locations shown above, the
region is to be incremented at 25 X/D's. Value
loaded is X25.

. c. Oblique shock theory is desired., X + 1.

d. One half the distance between rocket engine center-
lines divided by the exit diameter is ,92773,

e. Value is 43.004899,

f. Value is 5760.,0.

g. Value is 1,23,

2, Block 2

The pressure ratio for this run was .0185.

3. Block 3

Load here column A of Table I in order going down,
taking as many cards as needed.

4. Block &

Load here column B,
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10,

11,

30

Block 5

Load here column C.

Block 6

Load here column D.

Block 7

Load here the 25 values of X/D locations listed on page

Block 8

Load here column A of Figure 13,

Block 9

Load here column B of Figure 13,

Block 10

The exit diameter of the engine is 6.666 feet,
Value is .63,
Since the last value in column A of the input

table is 3.35044, the value loaded here is
3.45044,

Block 11

a.

b.

c.

Referring to Figure 16 and remembering to non-
dimensionalize by division by the exit diameter,
the value loaded here is - .81404,

From the same figure, the value (in radians) loaded
is 1.57079.

Value here is 2,09559,

Now another table is made. Referring to Figure 17,
locate the blockage regions (which are the heat shield
and the five motors) and prepare the following table.
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TABLE I1

Blockage x-coordinate y~-coordinate z-coordinate Radius
A B < D
Heat Shield 0.0 0.0 -3.4 10,25
.Engine I -6.19 6.19 0.0 3.33
Engine I1 6.19 6.19 0.0 3.33
Engine III 6.19 -6.19 0.0 3.33
Engine IV -6.19 -6.19 0.0 3.33
Engine V 0.0 0.0 0.0 3,33

Also it is noted that the intersection region is located
at X = -6.19, y = 0.0. Now this new data is loaded.

12, Block 12
a. There are six blockage regions so X6 is loaded here,
b. =6.19 is the value as noted above,
‘¢, 0.0 is loaded here,
13. Block 13
Load here column A of Table II.
14, Block 14
Load here column B of Table II,
15. Block 15
Load here column C of Table II.
16. Block 16
Load here column D of Table II,
17. Block 17

a. Since a new intersection region is to be analyzed
the first tendency would be to load 0.0 in this place.
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is now complete.
region is loaded.

However, it is apparent that actually the new
intersection region is formed by two motors separated
by the same distance as before and formed by engines
with the same characteristics as before. Thus, in
effect the same intersection region is being analyzed
but from a different point. 1.0 is input here, This
tells the machine that it need not calculate new
temperature and pressure profiles and that it may
start execution with Chain II instead of Chain I.

b. 1.0 is input here because clearly the intersection
region is at a larger x-coordinate than is the point.

The input for the first intersection region analysis
Directly behind it the data for the second intersection
Of course, since the machine already has in memory the

necessary intersection region data, Blocks 1 through 9 need not be input

again., Starting
the following is

18.

19,

20,

32

with Block 10 and proceeding in the same manner as before
loaded:

Block 10
a. 6,6667
b. .63

c. 3.35044,
Block 11

a. = 1.,97363
b, L4895

c. 2,09559,

Block 12

a., X6
b. 0.0

c., +6.19.




21. Block 13
Column A, Table IT.
22. Block 14
Column B, Table II.
23, Block 15
Column C, Table II.
24, Block 16
Column D, Table II.
25, Block 17
a. Load here now 1.0. The machine will continue to
execute, will try to read data for Block 10 and
finding none, will stop.
b. 1.0.
Figure 18 presents the input for this problem as it appears
on the input cards.
IX, CONCLUSIONS AND RECOMMENDATIONS
1. This program may be used to estimate radiant heat flux rates
to various missile bases from intersection regions produced by Hz-05
engines,
2. Possible inaccuracies can exist in the calculated intersection
region properties, the emissivity data, or in the application of equa-

tion (15).

3. Other inaccuracies arise because of the fact that second and
higher order intersections are ignored, radiation from plume to plume
is ignored, and blockage by intervening gas masses is ignored.

4, Further work is needed in all the areas mentioned in 2 and 3
above, In particular, an accurate method to calculate the region pro-
perties and an accurate method of accounting for second order regions
is essential before accurate estimates can be made.
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5. Measurements, preferably inflight, must be made before these
analytical approaches can be completely trusted. Instrumentation must
be developed that will measure these low transient heat flux rates.
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FIGURE 2. GEOMETRY OF THE CROSS SECTION OF THE INTERSECTION REGION
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START

CHAIN SLEM DASH 550110 13 _ FORTRAN — 0&QLL
1 ‘ COMMON L sGAMMAs  XD(60) sFM(60) sT(6G) »RU(60)
COMMON PO )» FEMPL60) »BL]IS(6Q)sADIS(60Q)
DIMENSION A(6U4) s TABLILU) sTAB(LU)sC(OU)
3 RIDsL L ol o MCONGRoPUSTU olo ANV
RCO»PBPX
L RCDs(AALIsd) pImlall e Tl ek) : Y.LV
RCUs (XD(J)sd=1sL) = 007
RLCDLTABL . i 008
RCDsTAB . . i . 009
Q=2 o
PRINT 1 . . oLl
I FORMAT (1H]1 o 25 X1THRADIATION PRUGKAMLL) ole
PRINT 2
2 FORMAT{2IX9HCHAIN (1) 2/ /) ;
PRINT 1002sPBPX : 0l3
l002 FORMAT (23AXMHRBRX = 4L 13050/ /)
DO 204 J=1st [VR-]
ARG=XD(.J) - olés
DO 16 I=1,LL . 017
DATA=A(Lls1) gls
IF (DATA-ARG) 16+4¥519 0ly
x : 16 CONTINUE : i 5RO
PRINT 2165ARG 0<1
GO 10 204 : : V.
19 IF (DATA=A(l,1)) 2Uszus2d 0¢3
20 PRINT 218 3ARG . : : QLh
GO TO 204 . 0¢b
22 DATAP=A([=~1,11 . LN DN
FUNC={ ARG=DATAP}/(VATA-DATAP) 027
EMHsALL2) . 048
FML=A(1-152) . 029
—_ e 1F {EMH=FML) 30s30s27 . YT
27 FMC=FUNC* (FMH=FML ) . 031
EM{J)IsEMLEENMC . \ N
GO TO 3¢ . 033
230 FMCEFUNCH (FML=FENMH) — 034
FM{J)=FML-FMC : 030
32 TH=A{1s3) . i 936
TL=A(1-153) i 037
JTELTH=TL ) 38,38 "AR - 838
35 TC=FUNC*{ TH~TL) : N 039
TLA)=TL+TC - - 840
GO Tu 40 ] 041
38 TC=FUNC*(TL=TH) : Slad
T(J)=TL~-TC 043
L0 ROHEA (] 24} N Clili
RDL=A(I~194) 045
IFAROH=RDOL) 46546443 [ : i 046
43 RDC=FUNC* (KDH-RDL} . 047
RD (J)=RPL+RDC . Q4
' GO TO 48 . 04Y
46 RDCSFUNCE (KDL =RDH) : ALY
~ RD{J)=RDL=-RDC 051
I 48 GO T10_52 - S 052

FIGURE 8. RADIATION PROGRAM PRINTOUT
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49 FM(J)=A(]2) 953
T(J)I=A(153) 054
RD{J)=A(]s&) LYY

52  IF(1.6-GAMMA) 61563563 063

61 PRINT 220 +GAMMA YA

- GO TO 71 - ‘066

63 DO 70 K=1s10 i . 3
IF(TABL(K)=FM(J)) 705700157001 068

10 CONTINUE o1l
PRINT 221 072
GO-10 72 o373

- T7001 IF(TAB(K)=T(J)) 7la7b,76 . T 074

71 PRINT 222 W LY

. . PRINT 224 ) 076
- ~ IF{(J=1) 7878472
78 T(J)=A(1,3) . .
12 LE (MCON)—Th4o 74473 o711
" 713 MCON=0 . : 078

14 DELTA=1,.1344 . Fow A° 18
GQ TO 145 .t 080

16 AA=GAMMA+] o z i o8l
AC=FM(J)/Q 08¢
AAA=GAMMA=] o o84

" BR=FM(J)%*u/Q 084
CC=la/ (GAMMAXEM (L)) %%Q) WY.L
DELI=ASINF(1le/FM{J))- 086

DIM=CCH (AAXACH¥W—1,e +(AA‘Ll;_AAA_hn_AA_AC__Q41li_45J___________________OBJ—

DELM=ASINF (DLM%#%,5) [o1-2]
RREL=DEILM=DEIL] . . ony

GO TO 100 : 00

99 DDEL=T(J)/THETA*DDEL - 091
100 DELTA=DELI+DDEL : . 092

I= E i * * * *Q=1g)=

THETA=ATANF (1/THET) ' 094
IF(ABQF(THFTA—TIJ))—.nnnl) 145941424120 . : 09s

120 60 TO 99 i ove
‘ 145 1F (MCON) 14641972174 097
h 146 IF (J=1) 147,147,148 098
147 __PRINT 207 099
148  CP=24*SINF(T(J))*¥a 100
: QPP=(CP*(GAMMA/Q)REMER2 ) +] o N 101

" OPC=({GAMMA~-1l.)/Q . 10¢<
OPD=1,4+0QPCHEMRERQ i » 193
OPL=0PD** [GAMMA/ (LAMMA~L14) )} 104,
SAV=0PP/0PE ) ' . 195
P(J)=PO%SAV . 100
TEMPLU)STORSAVEX( (GAMMA= Lo ) LGAMMAL - 107

PRINT 2089 XD(J) sFM{J) s T(J) 9P {J)yTEMP(J) :

GO 10190 i i 110
157 IF {J=1) 158;158,159 111
158 PRINT 210 112
159 (CpP= z.*SINF(T(J))**u ; ! 113
QPP-(CP*(GAMMA¢H4~EM*f/.)+1. — 1l
OPC=(GAMMA=1e)/W . . 115
OPD=]1 4 +0PCHEM#XQ ! 116

FIGURE 8. RADIATION PROGRAM PRINTOUT (Continued)
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3

OPE=0QPD*% (GAMMA/Z { GAMMA=141)1}

_— < - 17

SAV=0PP/OPE ' T 118

e PL ) SPORS AV : : 119

ALPHA= (GAMMA=14)/{GAMMA+L14) ' 120

BETA=GAMMAXFEME¥Q #{SINFIT (L)) ¥¥y . ) l/n;

VA=le+ALPHA X 122

— - VB= (GAMMA=1 o ) XEMEH /U 1L

TEMP(J)=TOX¥((1s+BETA)*¥VA+ALPHA* (BETA+BETAX*¥Q) ) /((1e+VB)*VA+BETA+VB 124

. 9wBETA) . — 32—
PRANT ZOB,XD(J)»FM(J);T(J),P(J):TEMP(J)

GO-TQ 190 : 14—

L74 IF (J=1) 17591759170 . : 1249

_ 175 PRINT 212 : . e

176 —(FM**u)*((SINr(ocLTA))**u) _ ’ o 131

Y= W*GAMMA . 134

2=GAMMA-1. . . .133

2Z=GANMAR] - : VAN

: 22L=27%%Q : 135

- WASFYRT VEVAR IDE STINMVAVINE TS 136

XXZle4+(Z/Q)X(FM¥EXLY) 137

TLTC=T2T L AXX 136

TEMP(J)=T2TC*TO ' . - 139

P2Pl=(X#Y—2)/22 : - 14-9—

P2PC=P2P1/ (XXX¥ (GAMMA/Z)) 141

P{J)=PO¥*P2PC R - 142

PRINT ZO&:XU(J)9FM(J)yT(J)oP(J).TtMP(J)
190 ClJU)=DELTA=T(J)

IF (J=-1) 192519291494 ' E ' 146

192 BOIS(J)=(TANE(CLUIIIH(XxD(I)=a(lel])]
. GO TO 195 14y

194 pDIS(NI=B0IS(U=1)+ TANFAC(JI=1)3 )% (XD(J)=XDld=1)}

195 ADIS(J)=SURTF (RD(J)**¥Q-R*¥¥G) 150
_ 204 CONTINUE 15¢
205 PRINT 206 153
206 FORMAT(1H1} VA

207 FURMAT(LOXSUHISENTRUPILIC RKELATIUNS USED FUR TemP ANL P CALCULATW//)
e 4B FURMAT (Z3XOHXU(J) T sk 132 /scXOHFM{U)  SepioangsXoRHTlJ) =gk ldeby

92XBHP (J) S9Ll34D92XBHTEMP(J)=9Ei3eb///)
210 FORMAT( wmw&mmqawmuumwww_mwg_w————gw
211 911HCALCULATION///) 159
212 FORMAT (1OXG9HGELTWUE SHOCK KELATION JUSeD FOUR TEMR AN Dy_ggkvug-_' 160
213 911HCALCULATION//7) 161
. 216 FORMAT (Z25HXD VALUE EXCebbDS XU TAolLe/ . : 164
217 96HXL(J)=stibe8///) lov
wv“__~4;8_;EUNMAJ4#4#XD~¥ALQ:—4¢~LOWEK—IHAN—%UNEéF—#N—%9~4#5£E¥——ﬁ—‘***———ﬁ————"‘”*éé—
219 96HXUV(J)=9Lib6e8///) 167
220 FORMATLLOHGAMMAEXCEEDS OBl e SHOCK—CARAS I L et —mrrem—0m ——— 1 68—
220196HCAMMA=4,£1648/7) ley
221 FORMAT {33RFM{J) £ XCEELS OBLIUUE SHOCK TABLEA/ A} — 179
222 FORMAT (28HOBLIGWUE SHOCK CANNOT bt USED/ 174
[ 223.926HSWITCH TO RANKINE=HUGONIUTLLL).. - - 172
224 FOKMAT(16HDELTA=6b5 DEGREES///) : : i 173,
<28 LALL CHAIN (21 1 7.4
226 END . 175
% FORTRAN.

FIGURE 8. RADIATION PROGRAM PRINTOUT (Continued)




COMMON L sGAMMA » XD(6Q)+FMI60Q) s TLOOLaRLIOA)

- COMMON P(60) s TEMP(6D) sbDIS(60) sADIS(60)

— . COMMON F({60)+ANGLE(OU) »FLE(OU)+PHLO(OU)»LMASCeDIASPHELFXI -

COMMON  FKsSXDsWRAD(6U)

[vi { 7 sl iv
DIMENSION XDW(60)sFNRC(60)
RCDeDJTASFEXT o XD(L+1)

RCUsFKsPHI»SXD

A=2.a 184
VG=SINF(PHI ) *%Q 187
YGG=COSF(PHI ) #%Gu 1
DO 2559 J=1,L 169
VC=ADISEJ)*EDISI) 13y
VD=ADIS(J)*%Q 191
VE=BDIS{.4) %%y 19<
RC(J)=VC*(SGRTF (1e/ (VE¥VG+VD¥VGG) ) ) 193
IDISEI)=VCH*({SQRTIF (1 4/ {VE*VGO+VDXVGI}] 194
2559 CONTINUE 195
PRINT 252
PRINT 426
252 FORMAT({AIX9HCHAIN {2)//7)
262 PRINT 263sFKsPHI 20¢
263 FOKMATLAQXAHEK= 2E1240,/30X4HPHIsaE1240/) 203
DO 440 J=1»slL 205
PRINT 2674J . 207
267 FORMAT(35X2HJ=,13/) ) 208"
__ PRINT 269,XD(J) 209
269 'rOKMAT(3ox6qu(J)-.513.b/1) .
. JELABSFEFLEK }=RCI 1YY 2804771 el?n
271 FLE(J)I=5040 ’ 213
ANGLE(J)=) 570796327 214
GO TO 297 215
275 UAZABSF(EK)=RC{J} 216
uB=XD(J)+SXD
ANGLE( J)=ATANF (B /UAY - 218
XDQ(J)-XD(J)+TANF(ANULt(J))*RL(J) 219
DO 281 J=Jel 240
CIF (XDUI)=XDQUJ)) 28Le291seYl 241
281 CONTINUE 242
FLt(J)—(RC(Jl+RC(L))/(COSF(ANbLh(J))) 224
GO TI0Q 294 225
285 FLE(J)=25, 221
UB=XD{J}+5XD
UC=RC(J)=ABSF (FK) 229
ANGLE( J)=ATANF(URZLC) 2430
GO TO 297 251
291 ENXD=XD{T1) 247
FNRC(J)=RC(1) 233
FlE(JIEJJ}I(J)-tFuRL(.LL)/((()QF(ANL;IF(J)H 244
294 IF (FLE(J)=50e}) 29752975295 235
295 FLE(J)=504 L1247
297 XDI=(SINF (ANGLE(J)})*FLE(J) J 238
’ Xo=XD( 1) +XDI1 249
DO 301 I=1,L : 240
IFE (XD(I)=XDS) 301s3i4s314 241
FIGURE 8. RADIATION PROGRAM PRINTOUT (Continued)
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301 CONTINUE —

CAKtA—(TtMP(L)**4)*(XDS xbtL))
N=L=1

DO 310 KwW=JsN 240
IE (KwW=J) 310,309 s4l0 o407
309 AREAC=0. 2448
— 310 AREACSAREACH(TEMP (KW} k%4 )3 (XD (KWtl)=XD(KWwl)
TOTA=AREAC+CAREA 250
AVIEMLL) =TOTAZIXDS=XD L JI) 251
AVTEM(J)=AVTEM(J) *¥¥ 425 ’ .
GO TO-321 254
314 M=1-] . 253
DO 318 K=JsM - 254
IF (K=J) 3189317431y 255
317 AREAC=(0s 256
‘318 ~ AREAC= AREAC+(TEMP(K)**4)*(XD(K+1)—XD(K))
TOTA=AREAL 4-5-8-
AVTEM(J)=TOTA/ (XD(I)=XD(J)) 259
AVIEM{J) =AVTIEM{J) X% 25
321 CIF (XD(L)~XDS) 32293315331 . 260
322 CPRESs(P{L)I¥(XDS=XDIL)) 264
N=L—-1 . . 26¢
DQ 327 KWaJeN 263
IF (KW=J) 327,326,327 264
326 AREAP=(Q 265
327 AREAP=AREAP+(P(KW) ) ¥{(XDIKW+1)=XD(KW)}) 266
TOTP=AREAP+CPRES ' 261
AVP(J)=TOTP/ (XDS-XD(J)}) 2609
GO 1Q 3138 26-9-
331 - MN=1-1 ) 270
— DO 335 K=sJeMN —— - 274
1F (K=J) 335,334,335 272
—— 334 _AREARP=Qy _— 274
335 AREAP= ARtAP+(P(K))*(XD(K+1)-XU(K)) 274
JOTIR=AREAR 2750
' AVP{J)=TOTP/(XD(1)=XD(J)) 276
338 Bl ISIFLECUIIXDIA 11
SI1GZ=1e/SURTF(FR¥¥W+(OXD+XD(J) ) *¥y)
e 5106351 o /SURTF(FKXE®U+ (SXDEX0{ S+ ) ) H%y)
XXX=SI10G2% (=Q*¥ATANF(TDIS(J)*¥51G2)) . 280
YYY=S1G3% (QEATANELTOLS (LIS 163 )] 284

FlJ)=(FK/6e283185)1 % (XXX+YYY)
PH2U(JI=EXI#AVR ()

PL=PHZ20(J)*BLED(J) o
——  JFA{PL=e00l) 3407,533905,3390 —

3390 IF{PL=e02) 3391339453394
2391 IE(LAVTIEML )= 7){)()-) 34972 2339,/ 44493

3392 AQP=e6918E-2=e1035E—4*AVTEM(J)I+e5908E~ d*AVTtM(J)**z
— 9=e 1221 E=] 1 ¥AVTEM{I ) XXS

Al=441462-23099L~ Z*AVTtM(J)+-9b96t b*AVTtN(J)**d
e 9= 121E=9RAVTEM(J)¥¥3

A2=—41.808+.2765t-1*AVTEM(J)—.zth—s*AVTcm(J)**z
Qe ol ~B¥AYTEME J) X% :

A3=175e61~e84T4E~1¥AVTEM(J) =372 ~4*AVTEM(U) *#%2

Yt e l303E-TXAVIEM(J) %S .

FIGURE 8. RADIATION PROGRAM PRINTOUT (Continued)
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EMISEJ)I=A0TALIH*PL +A2 %P ¥X¥ 24+ A3%P *%4

. GO TO 3406

3393 AUSelQ42F~Z=a9982b~0¥AVTEM(J)+alST4E=9X¥AVTEN (L)) %%2
Al=2e524-0l0BEET2*¥AVTEM(J)+ell9TL~6%AVTEM{J) %%2
A7=-7R.96+, 19582t = | ¥AVTEM{J)=a 9408 —0%AVTeMm{ j)¥x2
EMIS(J)I=AQ+AL*¥PL+AZ¥PL**2
GO _TO 3406

3394 JF(PL=41)3395,339593400

3395 JIF(AVTEM(J)=22004) 3396,3396,3397
3396 ‘GO TO 3392
3397 JF(AVIEM(U)=3400,) 339K33499,3599

3398 AU=e569E-2-e262TE~ D*AVT:M(J)-oledt 9*AVTtM(J)**2 i . Lt
Qb o 8381 E=13¥AVTEM(J)%%3 b
Al=2e594~el468E~ Z*AVTEM(J)+03d07t-6*AVTEM(J)**2
- Qe o, 2583F =1 OXAVTIEM{J) XX
A2=~.7573—.2297t-2*AVTtM(J)+.9£38E76*AVTEM(J)**z
Qu 7608 E=10XAVTEM{ J) X3
A3=—e8534E+2+.8458E~ l*AVTEM(J)—.244lE L4RAVIEM(J) #%2
Q442119 =B¥AVTEM () %%3
EMIS(J)= AO+A1*PL+A£*PL**&+A$*PL**J
GQ _TO 3406 * :
3599 AU=e105L—67316E-4*AVTEM(J)+elb45E~ 7*AVTtM(J)**2
Y 9=a1208E=]1*AVIEM( ) **3 '
Al==24299+¢2014E-2*AVTEM({J) =e49T1E-6*AVTEM(J) *%2
Q4+ 3741 E-10¥AVTEM(J)) *%3 i
A2=66419=04T32E=1%AVTEM(J)+¢1UB6E~G*AVTEM(J) %%2
9= T985E~9¥AVTEM{ ) ) %%3
A3==405e9+e289T*AVTEM(J) —e6TULE~4*AVTEM(J ) *%2
945014 E—BRAVIEM L)) *%3
tMlS(J)’A0+Al*PL+A2*PL**2+A5*PL**5
GO TO 3406
3400 IF(PL=1e0) 5401;3401,3402 ) .
= - F~3% + E~7 % * % L
.9--9089E—11*AVTEM(J)**3+-709§E-15*AVTtM(J)**4 o
Al=e7705+1016E—3%¥AVIEMIJ)~e 2/ HBF—~G®AVTIEM{J)%XD
9+e6294E~ 10*AVTEM(J)**3--5$O9: 14*AVTEM(J)**4
.—',_—A_Z.
. 9—.1216E—9*AVTEM(J)**3+.lZd9L-15*AVTtM(J)**4
: A3=e¢9306+e0489E~3¥AVIEMIJ)~eQOBOE~6*AVTEM(J)X#*2
I+l TTIE-GFAVTEMI(J) ¥%3=6 1454E-13%AVTEM(J) ¥%4
AL==a2717=0297QF =3 *AYTEM{I)+22Q3HF=O¥AYTEM( ]} %%
T 9=eT3B2E=10*AVTEM(J) %3+ 45799E~14*¥AVTEM(J) ¥%4
EMlstJL,An+A1*pL+Az*pl**4+A5*9L**5+Aa*91**4
GO TO 3406
3402 JF(PL=]0a) 3403+34Q33404 .
3403 A0=-2814-.0085&44*AVTEM(J)—.998E-6*AVTEM(J)**Z .
O+l ORGF=]1 1 ®AVTEM{ j)X%*3 i
Al=+4e9226E~1-63216E-5%AVTEM(J)+e1T709E~B8*AVTEM(J) %%2
Qe B164F=]12%¥AVIEM(.J) *#%3
A2=—e1176E~1++30U54E=5%AVTEM(J)=a1514E~ 8*AVTEM(J)**2 : )
._______;ﬂilllbbﬁ_lz_A¥IEMiJL**B
A3=45398E=3=¢1976E-6*AVIEM(J)+e9T794E~ 10*AVTtM(J)**2
9=al6G6FE~13¥AVTEM () %%3
EMIS(J)= A0+A1*PL+A4*PL**4+A:*PL**J
GO TQ 3406

FIGURE 8. RADIATION PROGRAM PRINTOUT (Continued)
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3404 JF(PL=1004e) 340534052 ,3408
3405 AU-.61£95—-1101t IFAVTEM(JI ) +e408BE—8*AVTEM{J) ¥%2
Al=e5569E=d=e8l5lb=H¥AVTEMIJ)=e9 L 38E=]0aAVTEM{J)HED

A2=—.2578t-4—.8615t—9*AVTtM(J)+.b913t~12*AthM(J)**Z
EMIS(UI=AQ+ALXPL+A XL KX

R GO TO 3406
3407 PRINT 430
GO TO 440
R 3408 PRINT 431 S
GO TO 440
4060 SAVE=F (1) ¥ ({4,761 16— 3)¥%tMIS{IINAVTEM{ U X®G, Znh
IF (J=1) 350934059350 286
348 QRADLS=Qe : e o~ 281
SSF=0. g . C 288
350 QRADS=SAVE+QRADS -

SSF=F (J)+SSF

PRINT 425 3BLEDLL)LsAMTEMLIY oPH20O (U} 2 S5SFoEMLIS{ L)

QRAD(J)=5AVE

PRINT 427 +QRAD(J) s UWKADS
425 FORMAT(OHBLED=9sE13e592X0HAVTEM=9E13e9592X0NPH20=sE13e5

QEXGHSSFEspb L3 9l XbHEMISE s L3 e/ t)
427 FORMAT(15XOHWRAD=»EL13 534 XOHWRADS=sEL13e5/)
440  CONTINUE .

PRINT 426
426 FORMAT(1H 220X21HW. 8Y AVT + AVP METHQL//)

PRINT 4083sQRADS o
4083 FURMAT(ZIHTUTAL KADIANT HeAT FLUX 1S5 £16e0832X13RHBTULSEC=5u FT/ /)
414 PRINT 4lb ‘ ’ ' 353
4lh  FORMAT(1H1) 354
430 FORMAT(10X5UHPL 1S Ltbb [HAN «00L FT=ATM — PKRUGKAM WILL DISCARD//)

__!A,NU 43] FORMAT{1O0X49HPL GREATER THAN 100 FT=ATM = PROGRAM WLl DISCARPAL)
CALL CHAIN (3)

START END . — I - 368
CHAIN & FORTRAN .
3 COMMON_ | oGAMMAS  XU(60) $EMl60) T (601 RULHQY])
COMMON P60) s TEMP (6U) »BLIS(0UV) sALIS(60)
e e - COMMON E{ cuumwutwmwmmmuubmm —
COMMON  FKsSXDsWRAVI(6U) suwkKVALGL)
e DIMENSION VAL(S1)
DO 416 J=1sL
IF(i=1) 350,351,350
351 PRINT 352
. 352 FORMAT(27XSHCHALIN. (3)//) .
PRINT 4082 )
——e . 350 ABSLSE(ELELI)Y I /D0 - - 296
CN=ABSIS*SINF (ANGLE (V) ) . 297
D0 3960 l=l,51
IF (I=1) 36143619365 299
S B CREXDAD —— 350
Ci=1 301
e o SABSISSABSISHCLIXDLA . . S : : 25¢
GO TO 369 : ’ : 303
36h  (1=1 304
Al=CI-1, : 305

S SABSIS=ABSLSHCI*DLA . . . . . .

FIGURE 8. RADIATION PROGRAM PRINTOUT (Continued)
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CRECN®AL+XD(J) 307
369 DO 392 K=1sL 308
IE(CR=XD(K))} 37443712392 309
371 Tw=TEMP(K) 310
Ru=P (K ) 311
GO TO 395 31c
374  FUNT=(CR=XU(K=1))/(ASSF(XD(KR)=~XD{x=1)1) 413
" QTH=TEMP(K) ' 314
QTL=TEMP(K=~1) . 315
IF(WTH=-QTL) 381+381,378 316
178 TE=FUNT®(uTH-GTL ) 317
TW=WTL+TE 31b
GO TO 383 ¢ 319
381 TE=FUNT*(QTL=GTH) 320
TWSWTL=TE 321
383 QPH=P(K) 322
: QPL =P (K=1 _ 20
IF (WPH=-QPL) 389,389,386 324
386 PC=FUNT* (QPH=-GPL ) Alh-
PW=WPL+PC 326
GO TQ 395 Al
- 389 PC=FUNT*({WPL~-uPH) 328
PW=WP| =PC L 3y
GO TO 395 - ’ 330
392  CONTINUE 33]
TW=TEMP (L) 33¢
L PW=P (1) _ ) 334"
395 POW=FXI*Pw
POwl sPOWXSARSIS
3950 IF (POWL=404) 3903353954+3954 '

_ 3953 JF{TwW=2200a) 395639963957

3956

Al=441462-e3099E-2*TW+e90YO0L—ORTWRH 2= 12 1E~9*Tw**3

A2==41a808+4+e2765E—1%Tu=malG b =0kTYk* 2=, ] Qb=UXT k%3
A32175e61-d84T4E—L*¥TW—e23Tb=G¥TW¥*¥ 2+ 0 1303E~THTW*%3
VAL(T)=SAT*¥PUWH? o AR (PUNH¥2 ) H ARSI o+ 4aRAZH (PUNKNI)H(SABSTSKRL )

GO TO 3960

3957 Al=£a044—ai0BHE=2¥Tu+all9Tt =¥ Ty%k¥xg

A2==28e96+el552E=1%Tw=elY40b—0RTW¥k*2

VALLI)=SAT*POW+2 #A2 % (POWX%2 ) ¥SABSTS
GO TO 3960

3954 ITE(POWl ~a1) 395943959, 496]

3959 IF(TW=2200e) 3962539621+3963

3962 GO _TO 3956 N

3963 IF(TW=3400e) 39045390553905

3966 Al=la094—g i bbB8E=2¥TWta 30T =k TUk* =583 =] ORTWH%3 §
R2==e7BT3=0229TE—L¥TW+eJLoUE—O¥TWH¥ - TOUDE~10*TW*3
A= —aBOILF 42+ o BUOBE — | ¥ TW—albl | b=k T k¥4l | | Qb —HET k%3
VAL{T)=AL¥POWH2 o XALH, (PUWXH2 ) KSABS IS+ e ¥AIH (POWRX3 ) ¥ (SABSI SH %)
GO TO 3960

3965 Al==2e299+4+e20L4E=2*TiN=eb4YTLE—OKTW*#2+e3T41E-10%TW%*3 N
A2=06a19=a8T734E=1 T+ e lQBOE—G¥ T X ¥~ TGO~ YR TWHK3
A3==402e9+e 289 T*¥TW=e0TOLE—UXTWEHL+e D0 L4E—0*TyHn3
VAL(T)})=SAI¥POWF L a ALK (P ®2 ) XSABS IS 3akA sk {PURKEZIE(SAQS] SK*L)

- GO TO 3960
3961 IF{POWL=1.0) 3966390093907

FIGURE 8. RADIATION PROGRAM PRINTOUT (Continued)
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— e 23966 Al e TI00+ LU= 3R T W= 2l EBE R TR 6 G| Q¥ Tk *3
G=eb3UYE~14%Tw¥¥4
e —— T DR B LV S INTRCVAETEE S St TP IEWTN SRS JE S
I+ell289L~13*TWH%4
AiS e Y3 bt e LB Y L=kl w—g oo ok TWwkK b 1779 —yExT yHk¥3
F-ellb4b—-13*TWHk4
R V2 B W E WA W AT & IVE WSV Tt S AN L PN VO WeL ST S i
T 945 TIGE~14¥TWk*4
e VAL SAL RPOWH Lo ALK PONRE2 L HSASS [ S4B o R (PUWRX3 ) 2 (SABS LSRRy
. +4 o HAL¥ (POWHRL ) ¥ ( SADSTS*%3)
GO-J0 4960 b
3967 IF(POWL=10e) 5908935089390y
[ A S R L PN LI SEVAT-T L EL & E PRI A I 2 VESV.AV-VN-ENVE 3 .2 20
Al==e liTob—lte3Ub4—0RTW=eloiGb=oXTuH*etecTOOE~LokTWHKS
e AT a0 3YBE e 1Y T TR T At ey T b = LR TR R ma LD b= 3 H  p R S
) VAL(L)SAL¥PUWHL o ¥ALK (PUWH K2 ) ¥ OABSIO0+3 e ¥ASH (POWHX3 ) ¥ (SABS] SH¥*e)
rn TG ’A\QA{\
3969 Al=e5569b=2=e8lolE=0¥TW—eYl30E~10*Twikx2
Als=e 2Tt =G=a Bl =9k TWdenIlab~] s KTWkkS
VAL(I)—Al*P0w+£.*A4*(PUW**Z)*bAnbla
3960 VAL )=VAL(] ) ¥TuWk¥*s

DO 400 M=2550+2 . 3306
”:(M-Z_l AYY 2309 o 40N 3&L
) 399  WE=0e : . 338
400 WESWE+VAL (M) . . 339
DO 404 M=1s51s2 340
LE(M=1) 404+403s404 : : - 3él-
403  YOU=U. 34c
Ll YOQUSY U+ AL (vi]) EYAEY
F=F(J) '
I . SAVE=ABDIS*4eT0llmLlaXE*  _ (=VAL(l)+Gehwb+2eXYUU=VAL(DL})}/5e —  _3bl
IF(J=1) 40894075408 345
- 407 - QRUAS=0e . e - e 346
4U8 QRUAS= bAMt+uRuAb
PRINT 4266 deXD{ )
, 426  FURMAT(30XcHJ=»13/9¢LKoHAU(J)=sEL2e5//)
R ~ WRUALJ)I=SAVE - — o -
PRINT 427, uRDA(J)suKDAb
2T FORMATALBXOHWRDAS sb L e b s hXEHWRUASEsE 2 oSy
416 CONTINUE
PRINT 4082 " 348
4082 FORMAT(ZOX30HHEAT FLUX BY AoSURPTIUN METHUL/) 349

———eee PRINT 40839 QRDAS — — S _
4083 FURMAT(ZTHTOTAL RAUVIANT HEAI1 rLux ls le-doXmthTU/aLL S FT//)
CPRINT. &S [ —_
415 FORMAT(1n1)
CALL CHAIN {4)

421, CONTINUE

s BNV e - ——— e
START * FORTRAN '
CHAIN _  DIMENSION Al40s43sTULISI60Y — — e
4 . CUMMUN L sGAMMA» XD (6U) sFMI60) 5T (60) sRU{60)
COMMON Ple0)l o TEmP{oglspulaloulsmulsiniod

CUMMUN F (60) sANGLELOUT »FLE(0U) sPRcu 60Ul serMisLaDlAPALFX]
—_— COMMUN. . FR o SXDsuRAULO0). swkLALODY .

FIGURE 8. RADIATION PROGRAM PRINTOUT (Continued)
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RCDoL I L L oFINTXeFINTY
RCOs((A(1sJ)sl=1yLLLL)su= 114)
RCUSFLAGaPX .
PRINT 252
PRINT 2573 .
- 252 FORMAT (27TX9HCHAIN (4)/7) , _
253 FOKMAT (17X27 CKAGE C 110N FACTOR
. IF (PX) 32325100
- 100 SI=ASINF(AQSF(FINTY/Z(FK*DIA))}
XP=(COSF(SI))*(ABSF (FK))*DIA
JE(XP=FINTX)30s31a4] :
31 . PX=(XP=FINTX)%(-1le) . ' '
GO _TJO 32
30  PX=(XP+FINTX)*(~1a)
32 DY=U, .
PZ=(~14)*SXD*DIA . !
o /K9 =11
Q=24
VG-QINFﬂDHI)**Q ]
VGO=COSFIPHI ) %%Q n
VC=ADIS(JUY*8DIS )
VD=ADIS(J)#x*q
VE=RBDIS{J)*%Q
TDIS.  =VC*¥(SGRTF(le/ (VE*¥VGG+VD*VG)))
RCEVCHR(SQRTF (] o /{VE*¥VG+VDXNGGL))
XCOR=TUIS*(SINF(SI})*DIA L : :
YCOR=TDIS*(COSF(SI)i*DIA .
PRINT 99954
999 - FORMAT (24X7H =913/ /)
YR=FINTY=YCOR
YL=FINTY+YCOR .
- IF(FINTY)26927927 . : S '
26 XR=FENTX=XCOR ’ ' : :
* XLEFINTX+XCOR
GO TIQ 28
27  XR=FINTX+XCOR
. XL =FINTX-=XCOR
28 CONTINUE
DO 49 K=1+3
IF(K-1)21s21922 ‘
22 - 1FE(K=2121423424 ot LS bt
24 IF(K=3)21925+25 !
21 PRINT 29
29  FORMAT(19HLEFT SIUE OF RthUN//)
998 FLY=040 ‘.
AINTX=XL=-PX
AINTY=YI i
GO TO 40 - T —
23 PRINT 4] -
41 FORMAT(léHMIDDLE OF REGION//)
AINTX=F INTX=PX .
AINTY=FINTY ‘

GO TO 40 c
25  PRINT 42 : )
42 FORMAT()DHRIGHT SIDE QF thIUN//) . ¢

FIGURE 8. RADIATION PROGRAM PRINTOUT (Continued)
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v e AINTX=XR=PX .
AINTY=YR .

e el THETA ATANELAB SELALNTY A AT N =R X —————— RN
LO 79 LI=lslLLL

ZO0AlL ] ad)=p/ -

IF {K=¢) 7057170

7“_‘ FFEF=( SWURIFAFK¥®Z4+TLIS®* 2] )
HYP=20% (FFF/ (SXD+XD () 1))
Y 10U 16 S 5 B
71 HYP=Z0% ( (ABSF (FK)=KC) / ( SXL+XU(J)) )
12 XO={COSF(IHETA) }XHYP

YO=(SINF(THETA) ) ¥HYP
— e 1F {AINTX) BUsbUsbdL
50 X0==1+%X0 _ i . C .
51 IF  (AINTY) . l0slUsld - .
10 YO==1l.%*YO
1l H=asA{llsl)
PRINT 10029X0sYO
1002 FORMAT (3HX(U=4sE 1A.n.'/x’&HYn‘=.t-lh.h//l
FFK=A(LIsZ)
RAVDIUS=A (L] o4)
EWNT(XUH+PX—H) * %2 o+ (YU-FFRK ) *%*2 '
SADIUSERADTIUSHE 2
IF (SADIUS—EQN) 79549549
— 79 CONTINUE
1 FLY=1e+FLY .
49 CONTINUE |
QRAD(JI=QRAD(J) *FLY /3, : .
QRUAL I =QRUOA LAY KEF]L Y{’&
5 WRAUVS=WRALS+WRAUL ()
o QRUASSWRDASHQRDA(J)
PRINT 1005sURAD (J}sWKRADS
e~ PRINT_1UQ6sQRUA(JISURDAS . -
1005 FURMAT(9HWRAD=»E16e832XOHWRALS=sEL6e8//)
1006 FORMAT (SHIUKEDAS ot 16 e e 2X6HURKUASE st 16 277
69 CONTINUE ]
e PRINT 4038sQRADSSURDAS
4038 FORMAT (29HwlTH oLUCKAGLE CURRECTIUNSTHE
e -Q46HRADIATL WMMM&—M@D—I%—H@MH&I&————
910H/SEC-%Q FT/
QI32HBY THE ABSORPIION MEIHOUS 1T 19 Flh Bs /L)

PRINT 5000

5000 FORMAT {11 ‘

A ABE R AL e 4

IF(FLAG) 41994209419

GO TO 421
419 — CALL-CHALN—42)
421 CONTINUE
— e END-

FIGURE 8. RADIATION PROGRAM PRINTOUT (Concluded)
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CHAIN

TART

FIRST
INPUT

SOLVE FOR
FM(J3), T(D),
& RD(J)

T

STOP

<>

DO NOT ERR.
SATISF1ED
SATISFIED
STOP
ERR.
<0
>0
SOLVE FM(J),
T(J) ,&RD(J)
SOLVE FOR
= DELI,
DELM
SOLVE
DDEL

SOLVE FOR

P(J) &TEMP(J
RANKINE-

HUGONOIT

P(J) &TEMP (J)
ISENTROPIC

P(J) &TEMP (J

OBLIQUE

ELTA
MCON=0 265°

DO NOT SATISFIED

CONTINUE

DO SATISFIED

FIGURE 9. FLOW DIAGRAM
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START
CHAIN 2

SECOND
INPUT

SOLVE
VG, VGG

54

FLE(J) =50

FLE (J) =25|
SOLVE ANGLE(])

>0

<0

RC(J), TDIB (J)

CONTINUE

DO

FK| -RC
=0

FLE(J) =50
ANGLE (J)=90°

DO NOT SATISFIED

DO SATISFIED

LE(J)-

¥

DO NOT SATISFIED ————w—q

SOLVE

DO NOT SAT

DO SAT

DO SATISFIED

FIGURE 9.

L

XDI&XDS

DO
1=1,L

D(I1)-X

<0

CONTINUE

SOLVE

SOLVE
AREAC

SOLVE
TOTA

SOLVE
AVTEM(J

SOLVE
FLE(J)

AREAC=0

>0 SOLVE
ANGLE (J)
SOLVE
DO
>
D(1)-X 0
=0
CONTINUE
SOLVE
FLE(J
20 [ Do
K=J,M
DO K-J <
NOT
SAT >0
SOLVE
AREAC
e DO SATISFIED
AREAG=D

SOLVE
TOTA
I SOLV! I

FLOW DIAGRAM (Continued)




SOLVE
LOTP

SCLVE
ATP()

SOLVE

SOLVE
. BLE

SOLVE

SOLVE
PH20(J
PL

PL-.001>——2 ] stor !

ERR.

>0 SOLVE
Mi

SOLVE
>Q EM1S(J)

SOLVE
EMIS(J)

SULVE
EMIS(J)

SOLVE £0 o100 >0 A
215 [*

| ORADS=0
BSF=0

<0

SCLVE

SECOND OUTPUT

DO NOT SATISFIED CONTINUE

DO SATISFIED

CALL CHAIN 3

FIGURE 9. FLOW DIAGRAM (Continued)
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START
CHAIN
3
DO
J=1,L
SOLVE
ABSIS
SOLVE
CN
DO
1=1,51
SOLVE > < SOLVE
SABSIS 0 G 0 SABSIS
SOLVE SOLVE
CR CR
SOLVE
1
[]
DO
K=1,L
SOLVE =0 >
™ CR-XD(K
20
SOLVE SOLVE
PV FUNT
SOLVE
QTH
SOLVE
QTL
SOLVE =0 g >0 SOVVE
TE QTH-QT TE
SOLVE SOLVE
™ ™
SOLVE
P

FIGURE 9.

CONTINUE

FLOW DIAGRAM (Continued)




SOLVE

VAL(1
SOLVE 0 .
ot POL-1,
VAL(T)
>0
SOLVE .
VAL(1) POL-10,
SOLVE
VAL(1
SOLVE
VAL(T)

DO NOT SAT ———-l VAL(1) =VAL(I) # Tkl l-————

DO NOT SAT

DO BOT SATISFIED

FIGURE 9. FLOW DIAGRAM (Continued)
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SOLVE
XR

FIGURE 9. FLOW DIAGRAM (Continued)
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SOLVE
AINTX

SOLVE
AINTY
SOLVE
THETA
DO
LI=1,lALL
SOLVE
SOLVE z k-2 < | SOLVE
HYP FFE

DO NOT SATISFIED

DO NOT SATISFIED

DO SATISFIED

FIGURE 9. FLOW DIAGRAM (Concluded)
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60

SOLVE
QRAD(J)

SOLVE
QRDA(J)

SOLVE
QRADS

SOLVE
QRDAS

FOURTH
OUTPUT

&
£0 QRADS=0
\
CONTINUE QRDAS=0
FLAG =0
<0 [>0
CALL CALL
CHAIN 2 CHAIN 1
CONTINUE
END

FIGURE 9. FLOW DIAGRAM (Continued)
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RADIATION PROGRAM

‘ CHAIN (11
PBPX=  0.185p0E=01
0BLINUE SHOCK RELATION USEN FOR TEYP AND PEESSHRE
CALCULATINN ..

) XDlJle  0,56000E 50
FMIJY = D.3567:€ 01 T(Y) 2 0.60094F N0 PLY) « 0,20421E«90 TEMP(J)a 0,3%161E

2

a4

XDlJl= 0.6C000E 00
FMLJY & N,S6A4E 01 TIY) = 0.61031F n0 Pl = 0,20820E-n TEMP{Jls 0,33569E 04

XD{Jls  0.70n000F N0
FMIJ) = D0.41041E 01 TY(J) ® 0.69004F N0 PiJ| = 0,24393E-c0 TEMP{J)= 0,37720E 04

XDIJI= 0.8Nn000F 0n
FHIJ1T = 04035 01 T(J1 = °0.6435%F a0 PlJ) n  0,22298E-10  TEMP(Jla 0,385075€ 04

= 0.900n0E 0N
] a

{
FMIJ! = D.5B79%E 01 T 0.58998F a0 PILY) = 0,19327€-00 TEMPJI® 0.32248E 04

XD{Ji® 0,10000F 91
FMIJT = D.58247€ 01 TI(J) " 0.55144F n0 PiJ] = 0.17597E-0n TYEMPJIs 0,30278E ne.

xDiJis  0,11000F 01
FMLJ1T = 0.,5775'E 01 TYLJ) s 0,517%4F a0 PLUt e 0,15943E-00 TEMP(JI= 0,20887€ 04

XDlJie 0,12000E n9
EMIJY & 0.%776% 01 TLJ) s 0,48813Fend PlJ) a 0,14397E-:0 TEMP(J)a 0,27210E 04

XD{Ji= 0,13000F ny
FulJr = 0.%7124E 01  T(J! = 0.46271Fen0  PlJ) ® 0,13445E-4n TEMP|J)a (0,24030E 04

XDiJls 0,140n0F 231
FMIJY = 0¢5696AE 01 TiJl = 0,4408S5Fen0 PlLJ) B 0,12481E=uN TEMP(J)s 0,.28041E€ n4

X0{Jlx  0.1%0Q00€ 091
FMIJI m 0,56000E U1 TiJ) = 0,42032F=12 PlU) = 0,11832E-un TEMP(J)s 0,24168E 04

x0tJi=  0,1A000% 0%
FMIJY = 0,%6007E 01 T(J) T 0.40324Fen0 PLUY = 0,10919E=00 TEMP{Jla (,23435E 14

. XD{Ji=e  0.17000€ ny
FMIJY = 0.%691¢E 01 TUJ) = 0.3872aFen0 PlJ) = 0.10277€=u0 TEMP[JI® 0,22773E 04

: XD{Jl=s 0,1R000E 01
FMIJ1 w 0,57004g UL Ty} s 0,37324ca00 Pl » 0,97241E-41 TEMP(J)u 0,22202E 04

xDly)=  0.10000F n
FMlJY = 0.57047E 0t TI(JI s 0.3611nFmn0  PLJ) ® 0,92610E-(1 TEMP(J]w 0,21723€ 04

XD[Jls 0.20000F A%
FMIJ1 & 0,5705:E 01 T(J) s 0,34974Fen0 PLU) ® 0,88419E-01 TEMPJ)s 0,21289E 04

= 0.21000F 01
1

t
FMIJ) w 0.%7143E 01 7 2 0.34014F=nD PlLJ} ® 0,R48B0E-u1 TEMP(JIE 0,20922E 04

- XxDtJ)s  0,22000E 01
FMIJY & 0,5717-E 01 T(J] = 0,33151F=n0 PlJ} = 0,81306E-u1 TEMP[JIs 0,20602E 0¢

XDi{J)s  0.,23000E N1
FMtUl  w 0,5718°E 01 T(J) = 0.3249nFeng  P{J) « 0,79513E-01 TEMPtJlm  0.2n364E 04

XD{Ji= 0,24000€ 01
FMLJ1 « 0,%7077€ 01 T(y) = 0,32379fen0  PLJ) = 0,79221g-01 TEMP{Jlm 0,20333 04

XD{Jl= 0.26000F 01
FMLJUY = D.%7114E 01 YUY s 0,32214F=00 PlJ) s 0.78626E='1 TEMP{J)s 0,.20271E 04

XDlJls 0,2R000F 09
FMIJ) = DyS7195E 01 T1Y) ® 0.30942Fenn PLJ) ® 0.74282E~-u1 TEMP(J)® 0.19818E 04

XD{Jis 0,30000E 04
Tt

FMIJY w 0,%723°E 01 Jl = 0,30122Fenn  P(J) = 0,71370€-01 TEMP(J)}s 0,19534E 04

. XDtJyl= 0,32000F 01
FMIJY m N,S7974E 01 TIJ) = 0,30013F=n0 PlJ) " 0.71266E-01 TEMP(J)s 0,19502E 04

xD{Jyl1s 0.33000F 01
FMUJY m D.%B95<E 01 TIy) ® 0,30673Fen0 PlJ) m 0,73%593E=N1 TEMPIJIs 0.19748E 04

N

FIGURE 11. RADIATION PROGRAM, SAMPLE PRINT OUT
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Q BY AVT e AVP

T CHAIN f2i

METHAD

FKee0,81404F 0D

PHI® 0,15708F 01
B L
xDlJls D0.%6000E 0O
BLED®= 0,p6629F 02 AVYEMe 0,.24763E 04 PH2NA 0.66907E201
I QRAN®  0,40307E~0% __  QRADSe 0.40307F-05
Js 2
XDiJdi=s OG.mnQN00E OO
BLED= 0,576%55E N2 AVPEM® 0.22344F D4 pw2n2  0.540856401
QRAD®  0,57074Em04 QRADSs 0,61105r-04
e S I IRIEEREY e
XDiJls 0,70000E 0O
BLED® (,12166F 03 AVTEMm 0.20916E 04 PH20® 0.490356-01
GRANS  0,15801E=03 QRADS= 0,21912F-03
—_— ) B e L IRt ]
) XxDiJ)s 0.80N0NE 0D
BLED® 0,19894F 03 AVTEMe (0.,20296E 04 PH208 0.481656201
QRAD=®  0,25052E=03 QRADSE  0,46964F=03
. oo s
xDtJ1=s 0,90000E 00
BLFD® 0,x3330F N3 AVYEMR 0,19994E 04 pH20S D.47248E<01
QRANS  0,32466E=03 QRADS® 0.79430F-03
[ T Ll A
XD{Jis 0.,10000E 01
BLED® 0,33330F 03 AVYEMs 0.,19935E 04 pPK2om 0.47093E01
. ORALS  0,37137E~03 DR;DSI 0.11657p~02
. =
XD{JIw D.11000E 03
BLEDS (,1664658 03 AVYEM= 0.2003%5E 04 PH2NS 0.478566E<01
QRADS  0,36843E=03 QRADS=  0,15341F-02
J L RreRRe gu B
XDiJiw 0.120n00E 01
BLED=® (0,.16665F 03 AVTEMs 0,19970F 04 PR20s 0.473565301
GRAUS  (.38834E=33 QRADS=  0,19224p-02
[ Jio 9o
XDi{Jim 0,13000E 01
BLED® 10.16665€ 03 AYYEM- 0.199218 04 PH20W 0.47968€201
ORAUS  (,40229E~03 _QRADS® 0.23247F-02
Js 10
XDlJis 0,14000E 01
BLED® 0,96665F 03 AVTEMs (.19882F 04 PH2ns 0.470158208
e ORAN® "0,41188E=03 -~ "QRADS®  0,27363F~02
Ju 11
XD{Jis 0,15000F 0%

BLED® 0,16565E 03 AVTEMs [0.19851¢

04 pHZ20% 0.46886E-01

R QRANE  0,41729E~0F QRADS® 0,31536F-02
Je 12
XDIJlw 0.16000E 01
BLED® 10,16665F N3 AVTEME 0.,19827E 04 PH2Ns 0.48779E-01
——— - QRANE  0,42028E~03 QRADSE  0.38738F<02
Js 13
XD(J)s 0.17000E 01
BLED® (,16665F 03 AVTEMR 0,.19808F 04 pW2ns  0.46489E201
ORAl'S  ,42102E-03 ORADSs  0,39949F=02
Js 14
XDlJis O0.tANONE 01
FIGURE 11.

SSF=

SSF=

S3F=

SSFs

S§SFs

SSFs=

SSF=

SSF=

SSF=

SSF=

SSF=

SSF=

SSFs

0.99420€=06 FMISs
0,16411E=04 FEMISH
5.60190Ew04 EMISe

0,12944E03 EMISm

(421748E=03 EMISH

0.31932E~03 EMISs

0,43137803 EMISe

1,55094Ke03 EMISs

0,67602803 EM1Ss

0,80496E-03 EMISa

0,93849E403 EMIgm

0.22877E~00

0.31177€~00

0.39607€-00

0.44783E-00

0+.48461E~00

0.48497E-00

0.42864E~00

0.42845E~00

0.,42899E-00

0.42907E-00

0.42912E-00

0,10896E002 RMISE ~0.42914E=00

N1,12035Ea02 BMISs

0.42915€~00

RADIATION PROGRAM, SAMPLE PRINT OUT (Continued)
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BLEDs 0,166865E 03 AVYEM® (0.19793¢ 04 pPHZ2NT 0.46418€.01

prAma  0,42008E«03.
J= 1%
XDi{J)= 0.t9nnnE 01

RLFD® 0,16665F 03 AVTEM= 0.19781F 04 PpR2N3 0.46%56E01

pRADE  N,41776E=03
Js 16
xDlJdis 0.,20n0nE 01

RLEDa (i ,96665F n3 AVTEM= 0.19772g 04 PH20s 0,468076-01

QRAuT N,41438E=03
Ja 17
xD(J1s 0D,21000E 01

BLED® 0,966A5F N3 AVTEM= 0.19765¢ 04 PH2Ns 0.46470E.01

ORAnm  4,41020E=03
J= 18
xD(J1= 0.22nnnE 01

RLED® 1),16665F N3 AVTEM= (0,197590F 04 PpH2Ns 0.464416<01

oRAls  0,40534E=03
Js 19
XDtJis 0,23000E 01

“BLEDT  10,166A5F n3 AVTEME  0.1975&4F 04 PH2nE  (0.46420E-01

QRANS  11,39998E=~03
Ju 20
XxDlJls 0,24nr00E 01

LDt 6665F- AI—AVIEMNS G 1 9IBIE 04 — PHRNE- G 46405E-01

GRANS 0 ,78458E~Q3
J= 21
XDiJl= 0,2400NE D1

"BLED=  00,166658 n3 AVTEMm (0.1974RE 04 pH2ns 0.46376E-01

QRANZ  11,74149E=03
Jz 22
XDlJ)s 0.28n0NE 01

ORA'z  0,71673E~-03
Js 23 .
xD(Jl's O0.%0nnnE 0

ALED®  (1,466655 03 AVTEM=  0.19743E 04 pPH20s  0.46347€.01

ORANE  N,69159E~03
Js 24
XDldis 0,32009E 01

orAnNx N ,34223E=03
J= 25
XDtJis 0.33nnnE 01

poAlls 0,501 73E=03
@ BY AVT ¢ AVP METHAD

"TOTAL RADTANT HEAT FLUX IS

ORADSs 0,44149g~02

QRADS= 0,4R327g=02

QRADS® 0,52471¢-02

QRANSz 0,.56573p=-02

GRADS: 0,60626F=02

GRADS= 0.64626F-02

QRADS= 0.72272k=-02

QRADSz  0.79687F=02

BLED® 1,166655 03 AVTEME  0.19744F 04 PH2N3 0.46350Ea01

ORADS=z 0.868%4F-02

QRADS®  0.93770F=02

BLED® 0,16665F 03 AVTEMs 0.1974%g 04 pH2Ns D.46357€201

QRANS= 0,97192F=-02

BLFD®  (,916665F N3 AVTEM= (.19776E 04 pH2N3 0.46648E-01

QRADS® 0.10221F=01

'0.10220942E-01 HTU/SEC-SQ FT

SSF=  J,13374E-02

SSF=3  1i.14710Em02

SSFa  1,14037€«02

SSFs  (,173%3F.02

SSF=  11,19654Fe02

SSFs  1,19939Ew02

SS5F e~ 4 203972Fe02

SSF=s  ,24783F«02

SSF=  ;,27092E=02

§SF=  1,29320€=02

SSF®  1,30422Fe02

SSF=  0,320276.02

FM1Ss

EMIS=

FMISm

EMISH

EMISs

FMISs

EMISs

FM1Ss

FM1ISs

FMiSs

FMISs

FMISs

0.42916F=0n0

0.42945€-00

0.42945€=-00

0.,42914€-00

0.42994E~00

0.42913F-00

0.42913E-00

0.42912E~00

0.42911F=00

0.42941E-00

0.42911€=-00

0.42938F=-00
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CHAIN (37 CHATN (4}

WEST FLUX RAY ARSNAPTINK “ETHOD Bl OCKAGE CORRECTINN FACTNDS
.
XD1Jls  0.%6000E 09 Js 1
aeDi= ¢,29731E-0% NRTASE 9,20731F-n5 LEFT SINF 0OF 4sGr0s
Js 2
xDlJ)i=  0,60N00E On X0s  0,32%9867°2F 0t YAm §,1375%5273E=012
QRD = 0.51711E=n4 ORNARE N.546A5F.n4 MINDLE OF KEGINN
Ja 2
XDlJi=  0,70M00E 0N X0®  0,271169%09F (1 Ynam =0,13271311F~05
QRDAs §,15404E-03 NRDASE 0,20872F-13 RIGHT SINE OF IERICN
Je .
XDIJls 0,80000E 00 X0%  0,32%9BATOE 01 Yda «0,137552036=02
QrDam 0,27099F=03 NRNDAgs 0,.47972F-n3
M QRiDe ., QRADS: O,
xD{Jrs 0,90°P0RE 00
QRMAm -, ORDAS= 0,
oeDsw 0,473326-03 GRNARE N, 98304503
Je o &
xDtJ1= 0,10r0nE 01 Js 2
NRDax (,34710E=03 aRDASs 0,13001€-02 LEFT STUF OF REGIO
¥DlJre  n.11000€ 01 X0 0.310190376 01 Yna  0.909893376=02
QRDA= 0,.188N9E~0Y NRNAGs N,148%2F=n2
Jz 8 MINDLE OF REGINN

wDiJis 0,12000E 01
XOm  0,21059407E 01 YNs «0,104045A4F~05
onbam 0.15263¢F=03 NRNAQE n,14179F=-n2
RIGWT Sing OF “ER] N

Ju 9
Didis 0.13000E Ot X0 0.31019037F €1 Yn= =0.9)989337F=02
ebae 0.14497F~n3 NRDASa 1,17628E-n2 aRape g, QRADSE 0,
idis b):il"noi o1 GRNAR 11, QRDAS=: 0.
ORDr® 0.13931E-03 ORDASs 0.19021F=n2 e 3

FLERAY
XpiJis 0,15000€ 01 LEFT SYDF NF WEGIO
ORDaz 0,13430E~03 NRTAR® 0,.20384F-N2
Je 17 X0®  0,.3078698%F (1 YNnm 0,274210R7Fe01
XDtJla 0,16090E 01
MINDLE OF PEGINN
0RDim 0,13116E-03 NRDARe 0,21676F~-n2
Je 13 XOs  0,1%03041%E 01  Y9& «0,68174838F«06
¥DtJl= 0.17000E 01
RIGNT &IPE OF TERLW
orDim 9,127536-03 NRNAR= Nn,279%1F-n2
Js 14 X0uw 0,3N7R6983 U1 Yns «=0.27421087€=C1
¥DlJls 0,1ANQDE 01
QRaDE U, CLEUE L 2NN
oaDos 0,12678E~ RDASE 0.242196-02
-2 03 (5 TOANe PoReRLIEe0 awmoar g, GRDisE 6.

¥DIJi= 0,19000€ 01

Js 4
orbis 0.12%936E-03 ORDASs 0.2%54728~N2 LEFT SIDE OF RFGIO
xXDlJte u:?ﬂ:ﬂnE 01 X0x 0,29744792F 1 YNe  0,48014039F01
GARD3® (.12344E-03 NRDARs 0.26707€-02 MINOLE OF REGINN
L)
xDlyt= ﬂ-?}:oﬂe 01 XO®  0.89169544E 0~ YNam =0,43640478F~06

orDis 0,12173E-03 ORDASs 0.27924E~n2
Jm 1R X0®  0,11765444F 01 Yna <0,576791%4E=08
XD(J)s  N,2200NE 01t
¥D® 0 119RS44AE N1 Yam «0,576791%4F=06
pRDss 0,11904F-03 NRNA%s 0.29113F=n2
Je 19 X0®  0,11985444F 01 YNm «0,57679154F=06
XDiJte 0,23000E 01
XQ®  0.11785444F 01 YN =(,576791%4€06
GADts 0,11703-03 NRDARs 0, 30285€-n2

Ju 20 ’ X0s  0,11785444F 01 Y@ »0,5746791%54€206
XQlJi= n,24n00E 01 RIGHY SIng OF ©gnl« N
0RDa= §,22288E-03  nRDASe 0,32514€-02 X0®  0,29744792F Bt ¥YNE =0,460140%9=N1
XDigts ;:2571‘005 01 QRAD® 1 ,A350711Tk=04 QRADSs 0,83307113F-04
_ arDze 0,21811E-03 ARNAGE N, 34665E=n2 ARNAR 11, eN331561E=04 (QRDASE 0.90331561E-04
WiJte ‘;:?BEGUE 01 s
QRDsw 0,20886E-03 ARDASE 0.34753E=n2
Ju 2% LEFT SIDF NF RFG10 -
xDiJgie  0,30000E 01
orDas 0.20136E-03 ARDASE N, 38767€-n2 X0m  0,2878N407¢ 0} YN o.eZu;l;s;zé;ux
XDty)= n:!;nonE 01 MINDLE OF PEGINN
QRDax (.99%589E~-04 NRDAGs 0,39763F=n2 . XDe  0,42.06982F=0° YNa «N,23788743£-06
¥plJi= :TSN’BOE 01 X0® 0,6454333nF 0 YNE +0.31441379F-08
OrRDam 0,14521E-03 nRDAgs 0,.41215F-n2 XOw  0.64243330F 0! YNs «0,31441329F~06
RY ARGARPTIAM
TOTAL RADFANT HET rts:’l:Luxo.:1;1§::a;::9 f:;:?:sc-sa 3] X0 0.64543330F 0 YNa -0,31441329F-06
X0w  0,64543337€ 0 YAe «0,314413296=06
XO®  0,642543337E 0 YO= =0,31441329F~06

RIGHT SINE OF <ERLI'IN R
XO® 0,28780407¢ 01 YNm 0,620103R28=01
ORAD®  G,910821R74E=03 QRADS® 0.19172%88¢-03

ARDA®  0.15777324E-03 GRDASs 0,248106825-03

FIGURE 11. RADIATION PROGRAM, SAMPLE PRINT OUT (Continued)
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LEFY SIDF OF RFG1O

X0s 0,278B84704f 0( YO=

MINDLE OF REGIAN

XUs 0,15402514E-0" YnNs
X0s  0,27357344€-0" ¥na=
X0® 0,20357344E-01 YN=
X0%  0,20%57344E-0" Yn=
XOw  0,206x57344€a0 Ynx
xom 0,0357344, 0" o

REGNT SINE OF 2E61N

Xus  0,27AR4704F (1 YN «0,7503N0134AE=01

ORaDE  §1,12379724E~03 ORADS® 0.31%%51A11F-0Y

ARNAS  11,915639776=u3 QRDASS 0.3A380459e-n%
Js 7

LEFY StpF OF REGIO
X0 0,270507$1F 01 Yna
MINDLE OF REGINN

X0 =0,1%517434g-0" YOu

0.75930348F=01

=N.,753814#5F=07
»0,996308R0F=07
~0.996308R0F~17

=0.996308F0E=07

*0.9963n8”08~17

-0,99630RR0 U7

N.88363512F+01

0,744766238=07

LEFT STUE 0F REGIO™
X0u 0,24863580€ 01

MINDLE OF REGINN

<

X0= =0,79278893F
XUs «0,10478180F €1
X0s =0,10478189F 01
0= =0,10478180F 01
X0z =G,104781A80E 01
X0® «0,10478180E 03
RIGHY &INE OF wERION

WL E
0 24963580 01

QRADS  N,93718A14E«03

ORDA® 0, 46436353E=04
LEFY ST0E OF REGIO~
X0n  0.2472435% 01

MINDLE OF RERINN

Yas

n"

ORADSs 0.83905440F-07%
QRDAS® 0.564469276-01%
Js 11
YN®  0.12045393g=00

Js 10

0.1195667%6F=00

0,387997A8F=06
0.512812K4E~06
0.51284204F~06
0,51281244F~06
0.51281244F=06

0,51281244F=06

.. e~
0 11954635 00

Ju 14
LEFY SIDE OF RGO
X0s  ,22526391F 01  YAs  0,15221333e=00
MINDLE OF REGIAN
X0= -0,13709121€ 01 YNz 0,67093810F-06

X0u =0,199119199€ 01 YN8 N, ABs771T4E=~06
XGs =D,18419199F N1 Yos 0, B8677174F=ns
X0a =0,1%419199F 01 Yns 0,RBA77174E-08
Xu® =0,19919190F 01 Y= 0,88677174F=06
XO® =0,18119199€ 01  Yna 0,.AB877174E=N6

RIGHT QINE OF REARI-N

XUs  0,22526391E 01 Yne «0,152243%3=00

ORAD®  0,14002769E~03 QRANS® 0.179R6061E-02

QRDA®  0,42259484£-04 QRDAS= D,?23772300F-0%
Ju 15

LEFT Sf0® OF REGIO

XOm 0,22024230F 0t YAm  0,15930303F-00

MINDLE OF REGION

XOs =0,14795920F 01 You 0,724127408=06

XOe =0.209129%4Fa0" ¥7e  0.98434980F<07 XOw =0,96A31A22F 07 YAs 0,473904A3F=06 XUs =0,19%856226 D1 YNz  0,95707173F=06
XOR =0.201120K4E<0.  Y1s  0,984349%0F=07 X0m =0,12798159E 01 YAe 0,626384708=06 X0w <0, 19%55622E 01 Yo 0,98707173F=06

X0s =0,12798159E 01 Yns 0,82638470F=08 X0w +0,19888622€ 01 YNa 0,937071738~
XO® =0.20912984E-0  TNm  1,984349%9F=07 o +19% € 99707173806

XO® =0.12798159€ 01 YA  0,62635470F~06 X0w =0,10855622E 01 YAs  0.95707173E-06
X0 =0,20112994E=0" Y0z 0,98434989F<07

X0w +0,17798159E 01 Yaw 0,62638470F=06 X08 =0.19655622E 01 Yns 0.95707173F-06
X0w =0,20112934E=0- Yl (,984349R0F~37

XDw =0,12798150F 01 Yam 0,82635470F-06 RIGHT ¢Ing OF VERISN
RIGHT SINg OF wEAL N

RIGHT SINE OF 9EGL N X0m  0,22024231E 01 YNw «0,159303935=00
X0s  0,270507316 01 YAa =0,883635125-01

XO®  0,24724355E 01 Y0m =0,12849305F=00 ORADE  1,13925468E-03 QRANSs 0,15378604E-0%
QRADS  §1,122R002%k~U3 ORADSs 0,438%2934F-03 ' ! s s F

ORADE  1,{3909787E-03 QRANS® 0,97815227E-01 OHNA® U,4178575nE~04 QRDASE 0.77950825£-0%
ARDA®  1,85029124E-04 QRDAS® 0.418A339(F-03 .

QRNA® 11, 44764031E=04 QRDASE 0,609023532E-07% Jr 18

Js B
Ju 12 LEFT STUE OF REG1Ov

LEFT SIDF OF WFGIU:

LEFT ST0E OF REGIU- X0w 0.21880063€ 01 YNu 0,16607836F~00
X0u  0,26272500F 63 YAm  0.99431207F-01

X0w 0.2%423774¢ 01 Yns n,1388A17%c-00 MINOLE OF REGION

MINDLE OF REGINM

MINDLE OF REGINN XOm -0,1%991780€ 01 Y0m 0,7826%373F-06
XUy o0, 30427631E,0n Y0y 0 19294277F.06
X0m «0,11¢9345YE 01 YOm 0n,5478t1807g~08 X0® =0,2193616%E 01 YNz 0,10344251F=038
X0® =0,5241108NE N/ Y7m 0,255036R4F=016 X0w =0,14794277E 01 Yow 1,724046%0F=06 XCe =0,2113616%¢ 01 YNw 0.103442%1F~05%
X0 =0,52111080F 09 YAs 1,255036R4E-06 X0® ~0,14794277E 01 Yns 0,724046%0F~06 X0®w =0,21136165F 01 YNs 0,10344251F=05
XC0m «0,52¢110R0E 0" YNs 0,255036R4F=08 X0® =0,14794272E 01 YNs 0,724046%0F~06 X0a «0,21136185E 01 YNw 0,1034425{F=05
X0m «0,%52411080F 0 YNs 0,25503694F~06 X0® =0,14794272F 01 YOx 10,72404850~06 X0s =0,21136165¢ 01 YNs 0,10344251F«05
X0s =0,52911080E 0. Y2s 0,25%036R4F=06 XD® =0,14794272E 01 Yaa 0,72404650F=06 RIGHT QINE OF QEGI N
1 2ERl"
RIGNT sIne OF =ecl"N RIGHT SINF OF REGION X0s  0,2(850083F 01 YJ= «0,16807836F=00
X0w 0,24272%00€ 01 YOR «0,994302n7=01 X0®  0,234237745E 01 YNe =0,13486175F=00 OKADs  1,9381283aE=03 QRADNSs 0,1473988RF-02
QRADE  1,912944474E~03 QRANSE 0.54777211F-N3% OQRAD= 1 ,14008454E-03 QRADSs 0.11182368F-02 nNRNA= ,4114726AE=04 OQRDAS® 0,8204555{E-Nn3
JknAw  1,SUBT76244E~04 QRDASZ 0.4497101AF-0% QRNA® 1,43719080F-04 QRDAS® 0.6%29543%6-0% Js 17
Js 9 Ju 13 LEFT STDE OF REGTOY
LEFT STDF NF REGTO™ LEFT SIDE OF REGIO™ X0® 0.21101912FE 01 YOs 0,17258312E=00
X0®  U,25%450U0%¢ 01 YN® 0,109994R8E~00 X0 0,232158719F 01 Y0u 0,14474708F=00 MINDLE OF REGINN
MINDLE OF REGINN MINDLE OF RERINN X0m =0,1A4%9326A¢ 01 YO 0,81209117g~08
X0w -0,60314469F 0" YNe 0,29%51R508F=-06 X0» =0,12529720E 01 Y0Ne n,6132174RF=06 X0® «0.7193114AF 01 Yne 0,10733373F«0%
X0uw =0,79716993E 01 YNne (,.39014204F=08 X0® =0,14%50409F 01 Yne 0,B1048301¢=06 X0® =0.2103114AF 01 YnN® 0.10733323F=0%
X0® =0,79916991F 0 YAs 0,39N14294F=06 X(® =0,16860409E 01 YOm (,8104830¢F~06 X0s <0,21931144FE 01 YOs 0,10733323F=0%
X08 =0.79716991€ ¢t Y0N® 0,39014294F06 X0n -0,14K60409€ 01  YNw 0,B8104B301F=06 X0 =0,21031144¢ 01 yns 0,10733323F~-05
X0® =0,79716991€ 0 YO® 0,39014294F=Nb ¥0u -0,1A%60409F 01 YnNa 0,810483N1F~06
X0s =0.21031144E 01 Ynw 0,107333236~05
X0= =0.79716991F 0" ¥YNs N,39014294F=006 XN® =y, 14K60409F D1 ¥Yne 0,81N483N1F=06
RIGHT SINF OF “ERIN
RIGHT <Ine OF REGI-N RIAWY sing OF 2ERIN
X0s  0,21101932¢ 01 YOm =0,1723RIN2E-00
X0  0,2%%45007¢ 09  YNe <0,109994A8E~-00 X¢s  0,2%n98719€ 01 YNz «0,144747n04F=00
QHADE  0,43673197E=03 QRADS=® 0.1812720aF-07
QRAD®  ,93409A1%5E=03 QRADS® D,70{A6B2AF-N3 QHADE 1,14034149E=03 QRADNS® 0.17%A370¢F-07?
QRNA® 1, 40577153k«04 GRDASE 0,841232676-0%
ARNAE N, 48322777k=04 OQRDAST 0,5180329%F-N3 nOHDA® ) ,425039310E~04 QRDASE 0,69548351K-0Y

FIGURE 11,
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LEFT STDF OF RFGIO-
Js 18

XDs 0,1R«S7304F 01 Y¥na 0,212729%7¢-00
LEFT ST0E OF RFGTO

MIPDLE OF KEGION
XO®  0,20877824f 01 YNm  0,17883314F=00

208 ~0.2n4161%9¢ 01 You 0,100897%0k=15
MINDLE OF REGINN

XQe =0,27248144F 01 Yna 0,133355155=35
X0w =0.17x73787¢ 04 Yoe 0,B35029078¢=06

X0uw =0,27548144F 01 YOm 0,13335518e=05
X0e =~0,22962754FE 01 Yna 0,11238203F+05

X0® =0.27548144F 01 Yam  0,.13335515¢-0%
X0e ~0,.?72962754€ 01 Yns 0,11238203F=05

XUs =0.2296275AE 01 Yde  0,11238203805 X0s =0,2734814%E 0V Yna  0,13335813€-05
XD® =0.22962755E 01 Y0a  0.112382038~05 KGe =0.27548144F 01 Yne 0,1333551sE-08
X0® =0,229627548 01 YNe 0.11234203F=05

RIGHT 1ng OF SEGICN
RIGHT Sinc OF REGIN

XOw  0,2047782h€ 01 Y0w «0,178833145-00 ¥0r 0.1ASS7IN4E 01 YA ©0.21272937800

AkAD®  n,413511220€<03 QRANS=  0.19478331F-0> NRAD® 1, 23891nAKE=03 QRADS® 0.2R220925F-02

QRDA®  1,39679N94E=04 GQRDASE [.90091174f-0% ARNA®  1.A96210276+04 QROASE 0,.11555384r-03

Je 19 Jz 23

F HEG10~
LEFT S1DF OF 610 LEFT ST10F OF REGTO

X0® 0.2057620%€ 01 YNms 1,18438849¢-00

X0s  0,179R218%¢ 01 Yne 0n,22297117¢-00
MINDLE OF REGINN

MINDLE OF REGINW
XOs =0,18003826F 01 Y0m 10,888530r5g=06
XO® +0,23614419E D1 YNs 0.117039865=05 X0e -0,21304797F U1 YA® 0.104277748-05

X0® =0.23014419F 01 YN N,117039%4F=05 X0® =0.ZR¢KU98%E Gt YAR  N,137R22%855-05

¥0® -0,23014419E 01 Y0w 1,117039%6F~05

X0® =D,2R1AN958F N1 Yne n,137822556-05
X0® =0,23014419F 01 Ynm [,117039%6F=n5

XOw <0,ZR46095RE 01 YAm N, 137822%%€=05
XO®w ~U.23014410E 01 YN 1,117039%6F=05

. -0, /R ANSSA 1 Yne 0,137822%86«05

RIGHT ©INE OF RERINN X0% “0./R1ANISIE
X0w  0,2027620%E D1 YN =n,184868495<00 XD® =Q.2RmqANQSYE 01 YA 0. 137822%8c=05
ORAD® 1, 13332A7AE~03 ORADSE® 0.20811594c-03 RIGHT <ine OF VERL"N

9RMA=  1,39008957E04  QRADASE  0.93992077k-A% XO®  D.179R2145F 01 Yna =0.220971178-00
Jn 20
QRage  ,p3052040E=01 QRANSS 0.3N536219F-07
LEFT S1DE OF REGIO -
4RNAS 1, 47121440E=04 QRDASE 0,17206%9998-07
X0u  0,19A9557AE 01 YDE 0,19072069F~00

Ju 24
MINDLE OF REGINN
LEFT ST1DF OF QFGID
AV =0, 1RaBIBPNE G YO 0,91431041FE08
X08 -0.24a71855F 01 Yne 0,12084343F~05 X0m D.IT4SYRVRE DT ¥Aw 1.2323378-00

XO® =0.24A91A58E 01 YNw 0.12004343F=05 HINDLE A8 RERIAN

X0s =0,24AY18%%E 01 YNs 0.12084343F~05 X0s =0,2376525%€ 0t YNe 0,10661922F+05

XO® «0,2449148%F 01 Yha 0,12084343F=03 X0 =0.287Y3339E 41 Yna N,140917498=05
XO» ~0,244V1A%SE 01 YNe 0,12004343F=05

XO® =0.2R793330F 01 Y0s  0,14091749F-0%
RIGHT eIne OF RERI'W

A0w =0, 2R7Y33I0F 01 Y¥nx  0,14091749E-05
XO8  0.19495878¢ 01 YO +0.190720495=00

XUe <0.2AIYIIIIE €1 YAs  0,140917498=05
QRADE  1,554AS5ROTE=03 QRADSE  0.233a0184F-0% .
XOs =0,28793%39€ 01 Ynm 0,14091749g-05
ORDA®  4,74201994E-04 QRDASY 0.1M142124g-0>

RIGHT SINE OF €3l

Je 21

LEFT S1pe OF REGI0- XUs 0,17459895%E 03 Yna «0,23283357E=00
X0m  0.19492200F 01 YAs  0,20200041F=00

QRADS  ,114017%32E=0% QRADSE® 0,314A6972FE-n>
MINDLE OF RERIN

ARNA® N, X316643nE«04 QRDASE 0.17538303F-N3
X0w =0,197660P4E 021 YO N,96236911F"06

X0a ~0.26424844E 01 YNs  0.1278%614F=05 Rl

X0 =0,26924544F 01 Yow  0.12785614F-05 LEFT ST0E OF REGIU )

XO8 ~0,2642454RE ) YNs  0.12788614E-05 XU  0,17214672R¢ 01 Yne 0,23765675E=10
X0m =0.26924544E D1 YN N,12785614F=05 MIDDLE OF REGION

X0® ~=0,26924544F 01 Yns  N,1278%614E~05 X0a =0,22n40725¢ O YAs 0.107889%16=05

ALIGHT =Ing OF SERL'N XU® =0,2093,991F U1 YNE  0,14256999F=05

X08 0.199$2207EF 07 Yns *n.202000416=00 AC® «D,29430991F 01 YN 0,142549098~D5
QRap®  1,54716784E~93 QRADSE 0,25AX1914€-n3 XUs =0,29149991€ 01 Y0s 0,14256999F=05
OKRAE  ©,71704779E=04 OQRDEgs 0.108891745-0> XUw =0,29430991F 01 Yo 0,142569995=75

. XO® <0.29130999€ 01 YN 0.14256999%-05
RIZHT «Ing OF WEGI“N

XUs  0,17216728€ 01  YON «n,23765675E=40
ORAD®  1,1A724Y71E~03  QRADSs 0.3331940ck-0>

ORNA® 1, 4F4N25B0E=-04 QRDAS® 0,1704256R¢-12

WITH B OCKaGE nORK-CTINN,TWE RADTATIVE Fiuy ay THE AVT, Akl AVP, MFTWON IS 0,3333940%€~02 BTU/SEC-S0 FT
BY THE ARGDRPTION “ETRAD, 1T IS n,(304>%mRc-n2

FIGURE 11. RADIATION PROGR\IAM, SAMPLE PRINT OUT (Continued)
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CHAIN (2]
G BY AVT & AVR METHAN

FK=-n_,19735F N4
Prlz Nn.4893pCmng

J= 1
XDtJts NR,5AMNAE 0N

BLED= ie1N6Llbren  AVTEME  0.,331A1E (4 PpPHZnz (.32R65F.00 SSFs 254035205 EMIS2 (.,29740F-02
(RA = T .43498E-N5K GFANS: (,43498¢=N4

gz 2
XNdle G.4n70E 0N

ALFD= TeREEDHESN AVTEME 0, 3356%F 04 PHZ2YE 0.13117E.ul  S3Fs

4 43398F=N4 FMISz 0,12041F-01
ued = 1,79743E-04 QRADS=  n,30178€-04
Ja 3 .
XulJl=s 0,720701F Q0

BLED® .20 10 AVTEME  0.36470F 04 PUZax  0.14R65E-H0  SSF2 1,14325F=03 FMISs 0.22903F-01

LGP E 1, 23209E=0% 0rAUS=  11,2A227F=03
Jd= 4

XUldlm n.3nrpaE gn
RLFDE (4 ZRRZF n1 AVTEME 0,.3375°F N4 PE2nz NL131785F2u0  SSF2® ., 35853F=03 FMISe (.36387F-n1

oA ¥ 1,43860E~03 QuwANS=  (,70UR7g-03
Ju 5
XDiJrls  A.30000E 0N

RLFD= 1,174938 nl  AVTEME (), 30482¢ N4 pPL2a3 0,119144F-00 S§35F3

+61387F=03 FMISx 0.4R9n3F-01

ces i 0 ,51%23E=-03 MANS: N,12141e-n2
Jz 06
xDiyl= pLinttnnkE 1

ALkDE ' ,247AARE 0} AVIEME N.2H161F N4 PHZIZ N,94092F-ul SSFs 1.916996-03 EMISe 0.633R5F=n1
QrA = . ,57529E-03 OxAlgs N,17894c=-02
gz 7
Xidlyi= N.11'00& 01

AtLEp= Vi, DREG4F D] AVTEMS D.26R1AF 04 BrZ2NE 0.,RA034F .11 SSE s

«125R88.02 CcMISs (.779588F~-N1

Leb = 1.81N61E=-03 UrANS=s  N,24000e-02
J=z 8
XNlJle 0,120 n0E Q01

ALFD=®E -, x36R(E 1 AVTEMS  0.252R3%E 04 puparz 0,79473F-01 S3F3 .14320F~012 FMIS= 0.8n710F-01

QoA 'z 4 ,58595E«03 QrANG: N, 29BA0F=02
Jz 9
xbi{Jie P, ,13000c 01

LED=  1,4N699C N1 AVTEME  0.24040F 04 PH2nx 0.71002F-01 SSF3  1.29306F=02 F£MIS: N.9n920F=-01
pehA s 1,57715E~03 GwADg=  0,35631F=02

J=z 10
LORINAR ] H.14nP9E 01

ALeDE 1,45971F 1) AVTEM=  0.23050F 04 pPHZAz  D.68A23E g1 SSF= 'e24496Fe02 FMISs 0.97302F-01

OPA 2 1 ,54849E-03 QRADS=  (0.41116F=02
J=z 11
XDlJls n.15r0nE 01

ALEDE 5 ,53477F rl AVTEMa  0,2223%F 04 PwPnz  0.A0R93IESG1 SSFs . 238%0F-02 FMISE  0.10500F=-00

ek = 1,53633E~03 ORANS= 0,46479F-02
Jr 12
Xhtdis N.1600nF 01

QLFN=E ,k9228E 1) AVTEME  N.P173%F 04 pPH2am N,%7094F.01 SSF=x J31331F.02 FMISe 0,111R9F-00

uek = N ,53274E=03 QPRANS= ' ,518Nn7F-N2

FIGURE 11. RADIATION PROGRAM, SAMPLE PRINT OUT (Continued)
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Js 19
XDlJis 0.,17Nn0NE 01

BLEDs  0,65208F 01 AVTEMs 0,21222E 04 RH20s 0.34998E<01 SSF® 0.37910E=02 EMISe 0.11745E~00
ORADE  0,51934E=03 ORADS= 0,57000F-02

Js 14
xDtJ1s 0,18000E 01

-BLED®  0.73608E 01 AVYEMs (.20699E 04 PH2nm 0.51908E-u8 SSF3  1.425608-02 FMISs 0.12446E-00

pRADS  0,50665E=03 QRANS=z 0,62064F-02
Jw 15
XD{Jis 0.1900nE 01

"0.n01546 #1 AVYEMm 0.20545E 04 PH20m 0.51058E201 SYF® 1,47259€-02 EMISs 0.13047E-00

QRAD®  0.52011E=03 QRADS= [,67268F-02
Js 16
XDtJls D0.20000E 01

BLED® 0,A9273E 01 AVTEMs _ 0,2022nE 04 PH2ns  0,49109£201 SSF3  (1,51991E«02 EMISs 0.13739E~00

QRAUS  §.,51740E=03 ORADS=  (,72442F-02
. Js 17
T T ) . XDtJlm 0.21000E 0%

BLBD® 0,98794F p1 AVTEME (.20077E 04 PH2AS 0.48284E.U1 SSF®  ,54736E«02 EMISs 0.14446E-00

- QRADs  0,53100E=03 QRADS=  (,777%2F-02
: Js 18 .
h ) XD{Jis 0.22n00E 01

ALED® 0,10873F 02 AVTEM® 0.19965E 04 PH2Ns 0.47431E-01 SSFs 0,614816.02 FMISs 0.1%5178E-00

QRADS  0,544B6E=03 QRADSa 0,83200F=02
———— e — e - e T 1
XDlJia 0.,230060E 01

BLED® 0,.11416F N2 AVTEM® (,1989RE 04 PH2Ns 0.47242E-01 SSF®  0,66217E-02 EMISs 0.15543E-00

GRANE  ,54935E+03  ORADS® 0,88694F-02
Js 20
XDlJls 0.24n00E 01

ALEDE 0,.124R4F N2 AVTEME (,1984RE 04 PH2Nx  0.44050E-01 SSF* 0.794108«02 EMISs 0.16260E-~00

""""""" QRADS  7.110483E«02 QRADS®  0,99739F~02
Js 21
XDi{Jle D.26000E 02

BLEDS 0,13963F 02 AVYEMS (.19775E 04 PH2n=  0.46825E-01 SSF=  (,84485E«D02 EMISs 0.171a7E-00

ORAD®  0.,113%56E-02 =~ ORADS: 0.11110F-01
. Js 22
XDlJls 0.28000E 01

BLED® 0,15271F 02 AVTEM® (0.19722¢ 04 pu2ns 0,4621BE-01 SSF®  ,93393E=02 EMIS® 0.17942E-00

ORADE  0,11526E=02  QRADSs 0,12262¢-01
——— ‘ Ju= 23
XD{Jls 8.30000E 01

BLED®  0,16665E N2 AVTEM®  0.19718E 04 PW2n= 0.4619%5E201 SSF 0,10210E«01 EMISe 0.18767€-00

ORAN®  0,11759E«02 QRADS= 0,13438p~01
Jz 24
xD{Jis 0.32n00nE 01
"BLEDW U, T81IB0E N2  AVYEME 0.197376 04 PHana 0.463076-01 SSF® 0,10644E=01 EMISs 0.195a3E-00
o QRADS  0,61364E«03 QRADS®  0,14052p~01
Js= 25
xDlJls 0.33000E 04
BLED® 0,789306 02  AVTEMs 0,200i%E U4 pPugns 0.48922g204 SSFa 0,112806-01 BMISe 0,202a2&=-00

oPANE  01,98517E«03 QRADSx 0,15037g-04
Q BY AVY ¢ avp METHAD

~TOVAL-RADFANY WEAT FLUX IS - 0,15038R62E-01 ATU/SFC-5Q0 FT

FIGURE 11. RADIATION PROGRAM, SAMPLE PRINT OUT (Continued)
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TOTAL 9ADYTANT WEAT FLux I8

FIGURE 11. RADIATION PROGRAM,
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orb .=
QRDa®
unba;
ORD/ =
QRDus
[PL1EY
ORbAS
oRDE
QRDAs
Qrb:is
QRDA=
QrDas
ORD:a
QRDAS
ORDAe
GRD:aw
GRD s
ORDaw
oRDas
ORDaw
QRDsa
ORDu=
Qelaw
gRD =

¢apaa

CHAIN I3

HEAT FLUX BY AHSORPTION WETHOD

Js 1
XDlJt= 0,.%6M00€ 00

0.74689E-07 ARNASE
Js 2

xDiJ)l= n,60000k 0N

0.50860E~0% ARNASE
Js 3

XxDlJd1s 0,70000E 00

0,36463E-04 aRDAS=

Ja 4
xDlyle 0,80000E OO

0.64390E-04 nRNASe
Js B

xDlJis  0,90000E 00

0.80574E~04 ARNASa

Je 6
xDiJrs 0,10000E 01

0.93671E=n4 aRNAGS
Je

XDlylas 0,11000E 01

0.9%5493E-04  NRDAAm
Je o R

XDlylm 0,12000E 01

0.94769E-04 aRDARSE
Ju 9

xDiJim  0,13n0nE 01

0.95205E-04 NRNASe
Je in

XDlJi= 0,14000E 01

0.92091E-04 ARDAGE
Js 11

XDlJie  0,18N00E 01

0.91110€-04 ARDASS
Jm 12

xDlJie 0,16000E 01

0.8B668E-04 nRNAGN
Je 13 .

xplyls 0,17000E 01

0.88632E-04  QRDASa
u 14

XDIJIs 0,180QNE 01

0.90721E-04 NRNASS
Js 15

xD{Jin  0,19n00E 01

0.91227E-04 QRDAGs
Js 14

Xplyls 0,20000E 01

0.94834E=04 NRDASE

. Js 17

xplJle  0,21000E 01

0.10179E-03 - ORNASE
Je 18

¥DiJis  0,22n00E 01

0.41091E-03 NRDAgE
Je 19

XplJ)w 0,23000E 01

0.11596E-03 ORDASS
Js 20

xDiJl=s 0,24n00E 01

0,25189E~03 nRNAS=E
: Js 23
XDiJle 0,2600nE 01
0.288R8E-03 ARDASs
Js 27
XDlJl= 0,2800n0E 01
0.32669E-03 ORDARe
Ju 2%
¥DiJis  0,30n00E 01
0.37396E=03 ORDASe
Js 24
XD(J1a 0,320n00E 01
0.22030€-03 ARDASE
Ju 2%

XxpiJls 0,33000€ 01
0.35214E+03 oRNARs

0,74689F=n7
N.51607E~85
0,41623F-p4
0,10601F-03

0.1R659F=n3

0.28028F=n3
0.37575E=n3
0.470526-03
0.56573F~n3
0,6%782E-03
¢.74893F=n3
0.837%59E-n3
0,92623F=-n3
0.10169F~n2
0.11082F=-n2
0.,12030F=n2
u.i!&‘ﬂF-uz

0.14157€E=n2

0,15317E=n2
n.175365;n2
0,20724F=-pn2
N.23991€-p2
0.27731F-n2
0,290934€-02

0.33455€~n2

NEAT FLUX BY ARSARPTINN METHOD

0.334%8245E07 RAYU/SFC-§0 rT

SAMPLE PRINT OUT (Continued)



”n

BILOCKAGE CORRECTION FACrnrs

LEFY ST1DE OF RFGIO"
X0s  0.79AH651RE 01
MINDLE OF REGINN
X0s  0,7%851804€ 01
RIGHT ®Ing OF REGIUN
X0® 0,7%501175%E 01

QRADE 0,

QkNAs 3,

LEFT S1DF ofF ARGID
X0w 0,74491021F 01
MINOLE OF HEGION

X008  0.74460004E 01
RIGWT SINe OF ~EAL- N
X0s  0,748%7769E 01
LLTY LI

[(LLYU TN

LEFT SIDE 0F RFGIO
XOs  0,7186235%F 01
MIPDLE OF REGINN

XOs  0.71195962€ 01
RIGHT SIne OF QEGIN
KOs 0.72363227€ 01
QRaDa ©,

oRDAE 0,

LEFT S1DE OF REGIO !
X0x  0,695331R44E O3
MINDLE OF NEB}"N

X0=  0.68n287R%€ 01
RIGWT SIng oF “EGl'W
X0e 0./0n69137E 0)
ARADs o,

ARNA= 0,

LEFT S10F nF REGTO
X0®  0.66200777€ 01
MIDDLE OF REGION

X0m 0,68758676E 01
RIGHY <Ing OF HERLCN
X08  0,67025645E 01
ORaBm 0,

ORNAS 1,

LEFT STDE OF RFGIO™
X0®  0,64544933F 01
®ICDLE OF REGINN

X0s 0,62851165AE 01
RIGHT SIng OF RERI'N
X0u  0,65018670€ 01
QRaDs 4,

QRDAw 0,

FIGURE 11.

CHAIN (4]
Je o1
Yns  0,20202232¢

¥ns  0.20222274F

YoR  0,20187%71F
QRANSa 0,
QRDASE O,

Js 2

YN=  01,2024A0m4s

Yns  0,198%51218F

Y2 0,19422639¢
QRADS®  ©.
QRDase 0.

Js 3

Yh=  0.2016770SE

Yos  0,189703%2¢F

¥Ns  0,18289208¢
QRADS= 0,
QRDAS® O,
Je 4

Y03 0.,2014737¢4F

Yne  0.181366%9F

YNs  0,17008274F
GRADS= 0.
QRDASE 0.

Js 5

Y= N,20083375F

Y08 0,1737146LF

Yos  n.15867960F
QRADSs 0.
QRDASs T,

Juoo&

YnE  0,199889148

Y0m  0,1666%759F

YOa  0,14R843652F
QRANS= 0.
GRDASE 0.

n1

a

1

Je 7

LEFT STDF OF REGID

XO®  0.062443291E P1  YAam 0,19481179¢ 01

MiNDLE OF REGINN
X0  0,60n53357E 01 Yns  N,16010349F N1
RIGHT SINE OF “EAlN

X0®  0,84038683E 01 ¥Yns  0,139095%0¢ N3

QRaDe 0, ARADSs 0.
LLDT L U uRDAS: 0.
Je 8

LEFT STDF OF REGIO .

X0  Q,6NMa79784F (1 YAs  0,197660148 01

MINDLE OF REG{inN

X0e D.27766%37¢ (1 Yre 0,153990a9F a1

ALAWT SINE OF RERIN

XO®  0.82274729F 01 Yns  (1,130521AAF 01

QRaDe i, ORADS=: (.
ORDA®  u, QRDASE 0.
Je 9

LerT Sype OF Regy 0

X0u  0.5A8404746 1L YNN N, 196499R7¢ 0}
MINDLE OF REGINN

X0%  0.55413224F 01 YNa  0.148266208 01
RIGWMTY 8Ing OF HERION

X0s 0,60418074E 01 Yae 0,12298724% 03

QRADe ¢, QRANS= 0.
GROAR b, QRDAS® 0.
Je 10

LEFT STOF OF REGTOw

X0®  0.56013849E 01 YNa 0.19534531F 01

MINDLE OF REGINN

XOn  0,538979%52F 01 YOR (,14269344F 031

RIGHT SINE OF JEARINN

XOm  (,59059%43E 01 Yde 0,11522011F 01

QRaDs 3, QRADSE g,

QRDA® O, QRDASs 0.

TS L
LEF thE F FGT

X0s  0,5%0R973%E 01 Yna
MINDLE OF KREGION

X0w  0,5190103%€ 01 Ynm
RIGHT sine OF “gnl N

X0®  0,57%91714F €1 Y"u

Js 11

0.19422579¢ 01

N.13783621F n1

0.,10834343F 11

@kads 0, QRADSa ¢,
ARNAR® o, QRDAS® G,
Jr 12

berT Sype OF Megr®”

X0s  0,%37%9314¢ 01 Yom

MINDLE QF WEGUNA
X0®  0,49011991¢ 01 Yns
RINWY &lnp OF Heql N

X0®  0,%A2069A0Ff 01 Ynes

n.193138%3¢ nm,

N.133066%8F 11

0.101913%1F 01

oRAD® B, QRANSa D,
ARNAx 0, QRDAgs 0,
Js 13

LEFT Stpe OF RegrU

X08  0,5231476%F 01 YOa
MINDLE OF REGINN

X0®  0,4A>21304F 01 Y3s
RIgHT glng OF Renlow

X0® (.54aY9031€ 01 YN

N,19209437€ 01

0.12A559178 01

n.,9%881704F 00

gRADe 1, QRANSs 0,
QRNAs 0, QRDAST 0,
Ja 14

LEFT S1DE OF REGIC"

X0®  0,5004909%¢ 01 Yna
MINDLE OF REGINN

XD=  0,48420673E 01 Yom
RIOHT Sine OF RERINN

x0®  0,534A200%F 0Y Yna

0.19109638F 01

0.124291R4F 01

n,902096n7F UD

QRADN U, QRANSs 0,

QRDAS ., GRDAS® 0.

RADIATION PROGRAM, SAMPLE PRINT OUT (Continued)
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LEFT S1pe DF ReGIO

X0 0,496%6097¢ 01 YNe 0,19014703F 03

MINDLE OF REGINN
X0=  0,45903020E 01 Y23 0,12024574F 01
RIGKT SIng OF WERI'N

X0s  0,52490699E 03 Y0s 0,84862743F 00

QRAD=s 1y, QRADSs 0.
QROA® 0, ORDAS® 0,
Js 16

LEFY SIDE OF RRGIO

XO® 0,4R430112¢ 01 Yoms 0,18927594F 031
MINDLE OF REGRINN

XOw  0.43462194F 01 Ynm  0,116401R0F 01
RIGHT SIng OF RgricN

X0s 0,51%H1540F 01 Yns 0.797914R3F 00

QRADs 0, QRANS= 0,
ARNA® 9, QRDASe 0.
Js 17

LEFT SIDE OF RFL1O

XO® 0.47566354F 01 Yna 0,18840611F 01
MINDLE OF REGINN

X0% 0,425K9710F 01 Y0s 0,11274539F 01
RIGHT SIng OF “YEAl-N

X0»  0.50326767E 01 Yna 0,75029042F 00

ARADs i, ORADSs 0.
ORDAs 0, OGRDASa 9,
Je 18

LEFT SIDF OF REGIOC
XDs  0,46460071F 01 Y0r 0,18761410F 01
MINDLE OF REGINM

XO®  0.4n0983284F 01 YAs ,10926243F 01

RIGHT SINE OF REARINN

X0s 0,49325959E 01 YAz (,704928%4¢ 00

ORADs ©. GRADSx o,
QRPA®  Q, GRDAS= 0.
Je 19

LEFT ST10E OF REGI0-

XO= 0,4510723%F 01 YNs 0.18687663F 01

MINDLE OF REGINN

X0 0,39737075€ 01 Yne 0,10394000F 01

RIGNT cing OF wgnlon

XO®  0,4AX74%04F 01 YNe 0,66180628F 00

QRADs 0, QRADS® 0,

ORDAS® U, ORDAS® 0,

WITH BLOCKAGE NORR-CTION,THE RADIATYIVE Fiuyx mY TME AVT, AND AVP, METHOD 1§ 0,

8Y TWE ARSORPTION METHAD, IT IS 0,

FIGURE 11,
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LEFT S1DE OF REG1O
X08  0,44104131F 01
MIDDLE OF WEGENN

X0w 0,38546720F 01
RIGMT qlng 0OF reslon
X0®  0,47468480F 01

QRaOm  ,

QRDA® it

LEFT SIDE OF RFGIO-
X0s  0,42533904€ 01
MIDDLE OF REGINN

XOs  0.36317123¢ 01
RIGHT sIng OF RealoN

X0 (,4%7A4804¢ 01

ARADs @,

GRDA® 0,

LEFT S1DE OF REGIO
Xos o.ao?vsaxse 01
MIDDLE OF REGION

X0w  0,34570603E 09

RIGHT SINDE OF HERL N

X0®  0,44551189F 0)

QRaDe 1,

QRDA® 1,

LEFT S1DE OF REG10-

X0®  0.38059210F 03

MINDLE OF REGION

XO®  0.327R6282F o1

RIGHT SIDe OF REGINN
X0®  0,42849297F 01

ORADE .,

QRpa= 4,

LEFT SIDE OF RFGIO:
X0s 0,37537647¢ 01

MIDPDLE OF REGINN

X0w 0.30645020€ 01
RIGHT SIng OF REGINN
X0=  0.41862987E Ot
ORADs

QRDA® 0,

Js 20

LEFT SIDE OF REGIO~
Yhs 0,18618354F 01
X0s  0,36A39194€ 01

MIPDLE OF REGIAN

Yox  0.10276649F 01
X0s  0.29a22514E 01
AT, T Slpg Op SgluN

Yos 0.62081493F 00
X0®  0.4096030% 01

QRADS= 0,

ORAD= O,
QRDASs 0.

QRNas 0,
Js 21

YOs 0,18497644F

o

1

YHs 0,96822379¢ 00

Yne 0,%54421668¢ 00

QRADSs 0,
QRDASs 0.
Js 22

YNe  0,1839407%5F 01

YOm  0,913662%58F 00

Y08 0,474339398-00

QRADSs 0,
QRDASE 0,
Je 23

Yos 0,18305240F 01

Yos  (.86342612F 00

YOs  0,41036099F~00

QRADS= 0.
" ORpass 0.
Je 24

Yow 0,18228347¢ 031

Yos  0.81700345F 00

Yhs  0,35163417€-00
ORADSa 0.
GRDASs 0,

PTU/8EC-80 FT

Js 2%

Yos  0,181984135 01

Yos 0,79507548F 00

Yns  0,32387094F-00
QRADSs 0.
ORDAS= 0.

RADIATION PROGRAM, SAMPLE PRINT OUT (Concluded)
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Mach Number Theta Theta

(FM(J)) (Radians) (Degrees)
1.1 .02827 1.62
1.4 .18325 10.5
1.6 .28796 16.5
1.8 .38045 21.8
2,0 45724 26.2
2.4 .57417 32.9
3.0 .68935 39.5
4.0 .79232 45.4
5.0 .84293 48.3
10.0 .91972 52.7
NOTE: Values at 1.4, 1.8, 5.0, and 10,0 are interpolated from

Figure 12. Notice that because of the purpose of the table
our values for the maximum Theta at any given Mach number are
on the low side of the actual maximum.

FIGURE 13. MAXIMUM VALUES OF THETA FOR SELECTED MACH NUMBERS
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APPENDIX A

With reference to Figure 19, the form factor F from the region to

area dA, is given by Reference 2 to be

F o = ¥1) dxp - (x5 - x7) d.V?
dAl"A2

Since A, is assumed parallel to the xz plane then dy, = 0 and

F G- J'l) dxo
dAl—A2 *

By choosing dA, at the origin

Yy = X3 =23 = 0.

Then,
= K dx>
c
whére
K = y2.

Now the magnitude of the radius vector, r, is defined by

2 =

2 = x 2 + y,2 + 2,2 = x.2 + K2 + 252

(33)

(34)

(35)

(36)

(37)

(38)
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but

Zo m X2 + b. (39)

Therefore,

(1 + m®) x° + (2mb)x, + (K2 + b3) (40)

and

F = L é dXD
dAi~A, 21 ) (I + m2) x,° + (2mb)x, + (K= + b=) °
C

(41)

Integrating and proceeding around the trapezoid in the direction indicated
yields

1 "8
1, = %& (& L > tan-1 <% [ 1 ] (42)
T NK2 + (b, + b)2 ~[K2+(b + bo)2
1 2 1 2 +g

, +d
L3, (/ 1 > ban™ <x/ 1 >]
4 )
2t \/kZ ¥ (b; + by + b)? K2+ (by + by + bx)® -d

(43)

and

Fa,-a, = Izt Tas (44)
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